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Blricot pre-setting machine proving successful with variety of fibers 


Holly-Knit Inc. reports excellent results with 


HOT WATER SPRAY TYBE 


machine developed by Avisco 


COLD WATER SPRAY TUBE 
REMOVABLE 


| COVER TAKE-OFF REEL 


ANTI-CURL 
TUBE 


Sprays of boiling water uncurling the edge 
of a trivot fabric on the pre-setting machine 
develojed by Avisco's research department. 
Aa artiit’s conception of the machine above 


~ 


and at the right. 


The tricot pre-setting machine an- 
noun@ed by American Viscose last 
springfis now being successfully used to 
procets all current types of tricot fab- 
rics it is reported. One machine, built 
and operated by Holly-Knit Inc., Mt. 
Holly, N. C., has proven to give supe- 
rior results not only with acetate but 
also with stabilized stitch acetate, ny- 
lon and blends of nylon with acetate, 
viscose and cuprammonium. The op- 
eration has been so successful that at 
times, the machine is running on a 24- 
hour a day schedule. 

Holly-Knit has found that one of the 
major advantages of the process is the 
extremely favorable cost of operation, 
It not only keeps the fabric flat until the 
setting process is complete, but the fab- 
ric can be dyed in the flat without tack- 
ing and subsequent un-tacking. Thus 
the goods are pre-set in the greige and 


not after scouring. “Crow's feet” and 
crease marks are eliminated and the 
goods come out of the dryer with a 
straight course line. It is also felt that 
the Avisco pre-setting machine is much 
more versatile than conventional types. 
Due to its favorable cost it is entirely 
feasible to use it in conjunction with 
dry-heat setting in plants doing a vari- 
ety of work. 

Finishing plants interested in using 
this new process may obtain complete 
information from American Viscose 
Corporation. 


Full information about the Avisco tricot pre- 
setting machine will be available to the 
trade at the Knitting and Allied Crafts Ex- 
position, April 24-28, Tist Regiment Ar- 
mory, New York City. The booth numbers 
are 54 and 55. In addition, those interested 
ere always weloome to visit the Textile Re- 
search Department at Marcus Hook, Pa., 
where license agreetnents are available on 
request and for dernonstrations and answers 
to their questions. 


MAKE USE OF 


4-PLY SERVICE 


To encourage continued improvement 
in rayon fabrics, American Viscose 
Corporation conducts research and 
offers technical service in these fields: 


1 FIBER RESEARCH 

2 FABRIC DESIGN 

3 FABRIC PRODUCTION 
4@ FABRIC FINISHING 


AMERICANs VISCOSE 
CORPORATION 
America’s largest producer of rayon b 
Sales Offices: 350 Fifth Avenue, New York 1, 
N. Y.; Charlotte, N. C.; Cleveland, Ohio; 
Philadelphia, Pa.; Providence, R. I. 
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Let Scott Testers give you Step-by-Step Control 


Scott IP and J] Testers shown above give you world-standard 
equipment for step-by-step control of your processing. From 
single fibre to finished fabric, for thread, single end or skein yarn, 
tensile and burst testing, *Scott Testers give you an accurate 
‘“‘picturized”’ story of the stretch and strength characteristics of 
these versatile materials. 


REQUEST 
Registered Trademark CATALOG 49 


“ SCOTT TESTE RS, INC., 145 BLACKSTONE ST., PROVIDENCE 5, R. |. 
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Degradation of Cellulose as Revealed 
Microscopically 


Charles W. Hock 


nent Station, Hercules Powder Company, Wilmington 


Abstract 


al cellulose is fundamentally fibrous, degrad: 
agents such as acids and alkalies, by physical agents such as grinding and ultrason’c vibratiors 
or by biological agents such as molds and bacteria—proceeds in < anner which reflects tl 


basic fibrillate t limensions of the threadlike hbrils mto which lulose breaks 


down vary pending upon the severity of the treatment and perhaps also on innate differences 


ng celluloses from various sources o degradative acti light n 
fibril 


a 


s of the order of several tenths « am oO hametet 
obtainable with the electron microscope 


detectable Certam degradative 
into rod-shaped structures 
From x-ray and chemical investigations it is known that cellule up 
molecules whose arrangement with respect to one another gives rise to more less ordered but 
worly reactive crystalline regions and to disordered but 


asily reactive an orpl on 


Since microscopical studies show that many reactions proceed more easily in the regi 


the fibrils than within - fibrils themselves, it appears that the crystalline 


the interfibrillar reg 


r 
| Wine PURPOSE OF THIS PAPER ts to dis by microscopical methods, S$ 


cuss the microscopical appearance of natural cellulose — sarily involves a consideration of fiber 
during degradative reactions. It 1s not concerned Indeed, studies of the changes which occur when 


uch a neces 


1, but with breakdown at — cellulose is degraded by physical, chemical, and io 
which can e be studied logical agents have been of great value in elucidating 
the nature of fiber structure This structure is 

moreover, probably the most important as well as 

the least understood of the factors which determine 


the course of « 


? nice 
ad 
Vor. XX, No. 3 
| 
phe 
wi 
: 
ae 
2 croscopy reveals 
w hundred Angstroms wide, are 
mf. 
principally in the fibrils, whereas compose, in large measure, the 
a higher size level 
Presented at the 116t 
Society, as part of a syn 
Research Council and the Division ot Cellulose Chemistry ot 
the ACS., Atlantie City, N. J. September 21, 1949 reactions 
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\lthough natural cellulose tibers, such as cotton, 
wood, and ranue, differ im their physical and chemi 
cal makeup, they are simular in many fundamental 
Accordingly, 


respects y observations made on one 


kind ot ther frequently apply, to a greater or lesser 


degree, to other types as well \ bref deseription 


of cotton--a fiber which has been studied intensively 

can setve as a starting pomt for a consideration 
of degradative reactions and also aS a basis for com 
parison with other tiber types Lhe gross structural 
relationships which prevail in a mature cotton hber 
are illustrated in Figure 1 [3] Phe primary wall 


Which is a thin layer at the surtace of the tiber, con 


sists largely of waxy and pectic materials, plus a 
small amount of cellulose The thick secondary wall 
consists almost entirely of cellulose The center of 


the fiber 1 oceupied by a hollow lumen or central 


Light-Microscopical Studies 


Degradation by Chemica luent 


\ common type of degradation which fibers un 
dergo is swelling Phe swelling changes which o« 
cur in certam media have important commercial 
applications as, tor ex unple, the mercerization of 
cellulose by treatment with solutions of sodium hy 
droxide Another alkaline agent of importance in 


cellulose reactions is cuprammenim hydroxide solu 


tron When cellulose thers are placed strong 
ait this reavcett thre cell ] ‘ well ind 


dissolves he 


after dissolution of the cellulose varies, depending 
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Secompany War 


—— Conran, Camu 


Fie. 1 Sketch showing gross structure of mature 
cotton fiber 
According to Berkley, Textice Restarcu Journal 


18, 71 (1948).) 


amount ot residue which remai 


upon the extent of purification of the fibers [14 
in the case of raw cotton, it consists almost entirely 


of fragments of the primary wall (Figure 2). When 


hly purified fibers, trom which the waxy and 
pectic constituents have heen removed, are placed in 


lue of any sort re 


cuprammomunt reagent, no resi 

uns, and the solutions are optically homogeneous 

Dissolution of cellulose in strong cuprammonium 
reagent raptd \ better understanding of the 
course ot dissolution and a clearer picture of the 
minute structure of the fibers can be achieved through 
observations of tibers im dilute cupramonium solu 
tions | 15]. Swelling then occurs m a manner whicl 
reveals that the secondary wall is made up of lavers 


In longitudmal view these lavers appear to be stripes 


running parallel to the long axis of the fiber ( Figure 


and B cross-sectional view they look like 
2 sual te j rema 
eatu at bers 
Veauntt 


Bae 
| 
_O 
ii 
| 
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concentric circles ( Figure 3C and D In other 


words, the layers of which the secondary wall ts 


composed are concentric tubes. In most cotton fibers 
the layered pattern is due to the alternation of layers 
of cellulose which differ in porosity and im density 
(Figure 3A); in others, it is due to the alternation 
of layers of cellulose with lavers of noncellulosic 
(Figure 3B) 


materials In either case, adjacent 


lavers appear bright or dark as observed between 


Fic. 3. Cotten fibers swollen in cuprammonium h 


Longitudinal 


“wa 


and in density: magnification S00 » B—-Longitudinal 


ulosic and noncellulosic layers; magnification 450 


n photographed between crossed nicol prisms; 


showing layered pattern caused by alternatic 
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crossed nicol prisms (Figure 3D Nonceliulosi 


generally absent in the long lint: fibers 


lavers are 
which are used by the textile industry, but such lavers 
are encountered occasionally in the short fuzz or 
linters fibers [13] 

Alkaline 


lavers are further subdivided into fine, threadlike 


swelling reveals also that the cellulosx 


fibrils (Figure 4) which are oriented at an acute 


angle with respect to the long axis of the tiber, The 


\ j i 


\ 


droxide solution to show layered structure of the secondar 


m of cellulosic layers differing in porosity 


teu’ showing layered pattern caused by alternation of cel 


Cross section; magnification YOU » dD Cross set 


magnification 670 


| 3 
| 
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: angle of orientation varies in different layers, and been removed, it is this outermost layer of fibrils 
| ; the direction of spiraling may even reverse in a which restricts lateral expansion ( Figure 4B and ( 
; single layer, changing from an § to a Z spiral or In unpurified fibers, irregular swelling is influenced 
ice Versa gure 44). Owing to the manner in also by the primary wall (Figure 4D As the sec 
pa which the bulk of the fibrils are oriented, swelling is ondary wall swells it exerts sufficient pressure to 
7 7 considerably greater transversely than lengthwise burst the primary wall. Then as the expanding 
7 At the same time the arrangement of the fibrils in cellulose pushes its way through these tears, the 
the outermost laver of the secondary wall often pre primary wall rolls back in such a way as to forn 
vents uniform lateral expansion, thereby giving rise — collars, rings, or spirals which restrict the umiforn 
3 to a comlition deseribed as “ballooning” [13, 14, 22 expansion of the fiber. This type of swelling occurs 
‘ In puritied fibers, from which the primary wall has also in full-strength cuprammonium reagent, but the 


Fic. 4 Cotton fibers swollen inv cu 
prammontum hydroxide solution to show 
fibrils in the secondary wall Fibes 
showing reversal in direction of fibril 

orventation maqguification bh 


al 


len fiber; magnification 


$20) ( Balloon formation in higi 


purified fiber; magnification 500 D 


Balloon formation in raw fiber; magn 
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stage ot halloon formation is ephemer ] owing to 
rapid dissolution of the cellulose (Figure 2) 


Che visible changes which cellulose undergoes in 


acid media are more varied than those produced by 


alkaline agents. The extent of the changes depends 


upon the type of acid, its concentration, and the dura 


tion of treatment \fter short treatments with con 


centrated mineral acids, or after longer treatments 


with dilute mineral acids or concentrated organic 
acids, the fibers undergo few visible changes except 
swelling. Even after hydrolytic treatments, which 
lower the degree of polymerization of the cellulose, 
the gross fiber structure may be maintained, although 
its tensile strength is reduced. The extent of degra 
dation caused by acids can often best be recognized 
vispally after supplementary treatments have been 
given to the hydrolyzed tibers, such as crushing ort 
swelling in alkaline solutions 

Figure 5A shows a wood-pulp fiber which was 
with about SO 


treated phosphoric acid and then 


crushed lightly on the microscope slide [16]. Sep 
aration of the fiber into fibrils is evident, and the 
appearance of these fibrils 1s quite similar to that of 
fibers which have received alkaline swelling treat 
Often, fibers also break 


ments acid-hvydrolyzed 


down along transverse planes. Unhke unhydrolyzed 
fibers, the long fibrils in hydrolyzed cellulose split up 


The 


size of these fibril fragments and the ease with which 


into shorter, but elongated, pieces (Figure 5B ) 


they separate depend upon the severity of the hy 


drolysis. As the intensity of the acid treatment in 


creases, the size of the particles into which the cellu 


Fic. 5. Cellulose fibers deqgradvd b 
wids. A—Separation of 
wood pulp fiber into fibrils upon treat 
ment with phosphoric acid; magnification 
24 & B—Hydrolyzed ramie fiber after 
with 5% NaOH 
lightly to show transverse splitting, mag 
240) 


treatment with 


treating and crushing 


nification 
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down decreases, and stnaller 


described as dermatosomes 


ose breaks particies, 


variously 137), fusiform 


bodies and spheroids 130], are 


Whether these particles are 


produced 


cellulose or whether they are random 


structures formed during hydrolysis has not vet been 


y 
established Since severe hvdrolysis leads eventu 
ally to the dissolution of cellulose and the formation 


it might be expected that cellulose would 


break down into particles of decreasing size, until 


was reached It seems significant, 


| ] 


hydrolytic breakdown the 


however, that during 


tion proceeds in a manner whi 


ren 


ch reflects the tbrillate 


beating of cellulose fibers causes fibmilation 


That 
is well known to the papermaker, who takes advan 
tage of this behavior to enhance bonding. Like the 
chemical treatments already considered, physical dis 
leads to the 
Also, as 


upon the 


ruption of native cellulose fibers also 


separation of the fiber wall imto fibrils 


before, the extent of breakdown depends 


the treatment or example, fibrilla 


conditions 


tion is more pronounced after wet- than after dry 


grinding presumably because the swelling 


which oceurs in the water 1s suthcient to bring about 


some preliminary disruption in the imterfibrillar re 


gions, Figure OA illustrates the appearance of cotton 
after passage, while wet, through a Wiley mill 
Split-up of the fibers imto fibrils ts obvious \fter 


more intensive mechanical treatment, as exempliied 


ical 5 
We 
structure of the cellulose 
| Degradation by Physical Agents 
j 
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a ball mill, the 


present as short, narrow, rodlike particles, suggest 


by prolonged action in cellulose ts 


ing that the more vigorous mulling has broken down 


The 


breakdown of cellulose into threadlike filaments fol 


the fibrils into shorter lengths (Figure OB ) 


lowing physical treatments ts also supported by the 
appearance of ultrasonically degraded material |7 | 
and of cellulose which has been strongly tendered by 
the action of ultraviolet light | 32] 


Degradation by Bielogical Agents 


Sore 


interesting observations have been made by 


Bailey and Vestal {1} on the manner in which cer- 


tain fungi attack wood fibers. Owing to the action 


of these wood-cdestroving fungi, the cellulose is eaten 


definite geo 


so as to leave hollow x 


away spaces ot 
metrical form within the cellulose framework ( Fig- 


7A). 


organisms appears to proceed along predetermined 


ure The enzymatic activity of these mucro- 


planes, one of which is parallel to the long axis of 


the fibrils, while the other is at an angle of from 
20° to 25° to this axis. The point of interest in 
connection with the present discussion is that the 


enzymatic cleavage does not occur randomly but in 
a manner which reflects the fibrillate structure of the 
cell wall 

Likewise, the work of Stanier [33] on the decom 
position of cellulose by bacteria of the Cytophaga 
group also demonstrates that the attack is regular 
and bears a striking relationship to the microstruc 
ture of the fiber. Figure 7B shows a cotton fiber 
heing attacked by the bacilli—i.c., the dark, needle 
like bodies in the photomicrograph. The position of 
the bacteria parallels the long axis of the fibrils 
the the 


fiber surface shows minute indentations and etched 


Furthermore, when bacteria are removed, 


regions at those points where the bacteria were at 
tached to it \s the 


through the tiber, their orientation reverses, therelyy 


organisms penetrate mward 
presenting a CTISSCTOSsS appearance whic h corresponds 
to the known reversals between the outermost laver 
and the inner lavers of fibrils in the secondary wall 
This and other studies of bacterial decomposition of 
cellulose show that there is a close relationship be 
tween cellulose structure and the course of degrada 


tion 


Electron-Microscopical Studies 


Thus far our discussion of cellulose degradation 
hy chemical, physical, and biological agents has been 


confined to observations made by means of optical 


dditional information on this subject 


has also been forthcoming from examinations made 


(wing to the fact that 
thi 


with the electron microscope 


there are limitations to. the ckness of objects 


which can be examined with that instrument, single 


fibers cannot be used directly In order to obtam 


specimens thin enough to permit examination with 
broken 
he de 

| 


This has been accomplished by physical 


the electron microscope, the fibers must be 


down into smaller objects—1.c., they must 
vraded 
treatments such as beating, grinding, and ultrasoni 
7-10, 12, 19, 21, 23, 32, 3H, 38} 


chemical treatments such 


by 


vibration | 


as the action of acids and 


16, 18, 24, 31, 35, 36], and by a combination 


MASSES 
of both. Although the results of electron-mucroscop) 
cal examinations of cellulose frequently differ in ce 
tail, there is general agreement that natural cellulose 
the 


fibrils Differences 


the 


Mito 


to 


fibers break down in 


dimensions ascribed fine fibrils by various 


investigators are probably due in large measure to 
different preparative techniques used for obtaining 
specimens thin enough to permit examimation with 
the electron microscope, and perhaps also to mnate 
lifferences among samples 
Ilectron micrographs of cotton, 


wet-beating in 


wood pulp, and 
a Waring 


shown in Figure 8A, B, and ¢ 


ranne after Blendor are 
In cotton cellulose 
the average diameter of these fibrils is about 150 A 
ap 


In wood 


somewhat coarser—te 


they 


fibrils are 
370 \ 


straighter and to 


In ranne, the 


proximately and also appear to 


have smoother surfaces 
pulp, on the other hand, the fibrils generally are finer, 
being about GO \ Phe 


il any one specimen vary somewhat, the approximate 


wide chiameters of the fibrils 


iverage diameters being indicative only of the rela 


tive coarseness of the the 


fibrils under conditions of 
examination {23 
When cellulose 


ticularly, which offer resistance to attack 


is degraded, it is the fibrils, par 
This is 
demonstrated, further, in Figure 9A and B, where 
cotton Jinters and wood pulp cellulose, after wet 
heating ina Waring Blendor, were treated for sev 
NaOH 
graphs show that although the fibrils are somewhat 
distorted the pattern is still 


fairly well preserved during this early stage of the 


eral minutes with 1&% The electron micro 


swollen and fibrillate 


reaction with alkali Similarly, when cellulose 1s 


hydrolyzed the reaction proceeds in a manner which 


again is influenced by its basic fibrillate structure 


Hydrolyzed cellulose, obtained by boiling cotton 


linters for 2 hrs. in solutions of 2.547: HCI-0.6M 
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FeCl, 1s illustrated in Figure 1OA to 


Nickerson and Habrie [28], only the crystalline cel 
lulose is unattacked by this treatment. In order to 
examine in the electron microscope the residue lett 
after this oxidative hydrolysis, the hydrocellulose was 
triturated in water The micrograph shows that the 


lulose fibers have been broken down into small 


cel 
fragments, each of which consists of aggregates of 
elongated structures. Ky a more intensive grinding 
treatment, these elongated cigar-shaped bodies were 
separated from each other ( Figure 1OB) In the 
specimen shown im the illustration these bodies are 
about 2,500 A. long and 150 \. wide. Our chief 
interest here is that, as already observed in light 
nncroscopical studies, hydrolysis brings about a 
transverse splitting of the fibrils over and beyond that 
ordinarily caused by wet milling or by alkaline 


swelling 


Summary and Conclusions 


\s the result of many x-ray and chemical studies, 
it is clear that cellulose consists of long-cham mole 
cules the arrangement of which with respect to one 
another gives rise to more or less ordered but poorly 
reactive crystalline regions and to disordered but 
easily reactive amorphous regiots These tools do 
not emphasize, however, the fibrillate pattern ot nat 
ural cellulose. Yet as observed microscopically, its 
ost outstanding visible characteristic is this fibril 
late structure By optical microscopy, relatively 
coarse fibrils of the order of several tenths of a 
mucron are detected, whereas at the Ingher magni 
heations obtainable with the electron microscope stll 
finer fibrils, only a few hundred Angstroms wide, 
ire revealed 

If the fibrils, in contrast to the interhibrillar re 
gions, consist of more highly ordered cellulose mote 
cules, we would expect chenucal reactions to proceed 
more easily in the less highly ordered intertibrillar 
regions than im the fibrils themselves. [t seems sig 
nificant in this connection that m ramnie, cotton, and 
wood pulp an inverse correlation prevails between 
wccessibilitv, as measured by acid hydrolysis | 5, 
20), and the average diameter of the fibrils | 23] 

We have seen, also, that after hydrolytic degrada 
tion the diameter of the hhrml fragments appears to 
he the same as that of the fibrils in the unhydrolyzed 
parent sample Taken at face value, retention of the 
original fibril diameter would mean that the amor 


phous cellulose was situated between the fibrils and 


on their surtaces Thos simple preture ts comph 
| 


pr 
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cated, however, by other factors. In the first place, 
it can be demonstrated geometrically that in order to 
account for the removal of as much as 30% amor- 
phous cellulose, solely from the regions between the 
fibrils and from their surfaces, the fibril diameter 
would have to decrease by only 12% \ change of 
this magnitude would be too small to be detected in 
the electron-mucroscope specimens under the condi 
tions of examination \ccording to current theory 
i4, 11, 17, 20}, the amorphous cellulose is not re 
moved entirely upon hydrolysis but some of it. is 
converted to the crystalline state. This introduces a 
further uncertainty in evaluating the significance of 
the size of the particles observed in hydrolyzed cel 
lulose. Finally, even if the original fibril diameter 
were retained in the hydrolyzed residue, removal of 
cellulose from within the fibrils, thereby leaving a 
skeleton of crystalline cellulose, could oecur without 
this condition being detected visually. These uncer 
tainties must, of course, be recognized in any attempt 
to arrive at a picture of the small-scale structure of 
natural cellulose Nevertheless, in the light of pres 
ent knowledge, it seems not inconsistent to postulate 
that the erystalline component in native fibers is 
located principally within the fibrils, while the inter 
fibrillar regions, and possibly the fibril surfaces, 


account in large measure for the amorphous fraction 
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Perimeter Measurements of Cotton Fibers in 
the Primary-Wall Stage 
A Method and Its Application * 


Norma L. Pearsont 


Abstract 
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method lescribed tor obtaimumne 
tton fiber by mea ing tl permmeters 
ung fibers were cut from the seed, stamed 
of the collapsed dried tiber is equal to halt its 
measured for 9 types of cotton, which | 
The average perimeter values obtamed were 
vere consistent with perimeter va htamed 
Introduction 
Phere is need in research on cotton tiber quality 
for a satisfactory method of measuring directly the 
cross-sectional dimensions of cotton tibers JeCcaUse 
of the orregular shape of the dried mature tibers, 
any method which attempts to measure the diameter 


or perimeter cirectly ts compheated by tactors that 


intreomiuce errors, with the result that the values ob 


tamed are at best only estimation Various methods 
have been employed, however, which attempt to 


has 


| 
Is KNOWN 


fiber “diameter 


(iW +T) 

uch was developed and used by Barritt in Pngland 

According 

made of the 

(W and of 


convolution itself (7°) of 


measure what heen termed 


One of these as the 2 method, 


wl 


{2| and by Pope [10] in this country 


to this procedure, measurements are 


flat portion between two convolutions 


the edge 


on position at the 


fibers seen longitudinal view The average of 
these two measurements ts called the fiber “diam 
eter The ane general principle has heen em 


ploved by Raley using, 


h mwever, cross sections 
termed the 
ind Lord 


ave termed “projected han 


of fibers and measuring what he has 


“major and minor axes,” and by Petree 


arriving at what they h 


l paper was presented m essentially its present form 
at the ceting of the Society, n, S. April 
1949 

t Associate Cotton Technologist, Division of Cotton and 
Other Fiber Crops a Bureau of Plant Industry 
Seis and Agricultural t ing, Agricultural Research 
Adminstration, Department of Agriculture 
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information regarding 


4 
fanned out on a glass slide, and dried 
perimeter at the 


ad been selected to rey 


perimeter differences of 


mature 


Tufts of 
The width 


Perimeters were 


fibers in the 


primary-we stage 


pomt measured 


esent a range m size of perimeters 
that 


itton 


ipared to and tounmd to show differences 


the mature tibers of the same types of ce 


eters” [9 \ccording to another procedure, the 


fibers are measured as viewed longitudinally after 


1} 


they have been swollen m 18% caustic soda and 
dried | 7 
In exploratory studies, it was found that when 


thers 


in the primary-wall stage are allowed to dry 


attached to a glass slide, the majority dry smoothly 


vith no readily detectable shrinkage, at least for the 


major portion of their length. The upper half ot 


the primary wall lies st roothly over the lower halt, 


the 


(Figure 1 


folded edges appear, in general, as sharp 


Mes 


The widths of these collapsed 


ind dried tubes are easily measured and each is equal 


to half the perimeter of the fiber at the position 


Studies were undertaken to develop this mannet 
fiber preparation and measurement into a tech 
nique for obtaining comparable perimeter values for 
These studies included 


litterent types ot cotton 


1) the working out of procedures for collecting 
terials and making of slides; (2) establishing, 
thron study of perimeter variations, a basis tor 


selecting the tibers to represent a cotton and the 


fiber measurement; (3) the application ot 
the method as finally deve loped to a group of cottons 
which had been selected to 


(4) 


values thus obtained by comparing them with other 


represent a range in 


perimeters ; evaluating the average perimeter 


measurements of fineness on the mature fibers of the 
same cottons. The results of these investigations are 


presented in the following 


rep rt 
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Photomicrograph of fibers in the primary 
stage stained and dried toa glass slide Vagni 


There is no expectation that the technique de 
scribed herein can or should be developed into a 
routine procedure for measuring cotton fiber perim 
eters; it is, rather, a research tool which may be 


used in studying fiber “fineness.” 


Materials 


Nine different cotton types representing extreme 
and average perimeters were selected for intensive 
study Recent evidence suggests that not only 1s 
perimeter a fairly stable genetic property [6,7] but 
there is very little difference in perimeter among the 
majority of the common upland varieties that are 
grown commercially [6]. Therefore, in order to 
study extremes in perimeter differences, it was neces 
sary to go to breeding stocks. Six of the types were 
chosen from among the lines developed by Jerry 
\oore,* who used the caustic soda method as a 
basis for making his selections. These lines are as 


follows 


Small perimeter: Acala 1-1-1-2; Acala 1-1-1 3 
\verage perimeter: Rowden 10-5—2-1; Rowden 18 
2-1-4 


Large perimeter: Acala 36: Rowden 40-5—-3-1-2 


Formerly, Cotton Technologist, Agronomy Department 


serth Carolina Agricultural Experiment Statior 
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To these 6 were added 2 lines developed by 
Thomas Kerr +: Triple Hybrid—S805 x 6 with small 


perimeters; and Stoneville 2K, Doubled Haploid, 


with average perimeters The ninth type was an 
other small-perimeter cotton, Sealand 542, a line 
developed from a Sea Island x upland cross by W 
H. Jenkins at Florence, S. ¢ in addition, some 


study was made of a strain of Coker Wilds and of a 
Sea Island cotton 
Fibers in the primary-wall stage and mature fibers 


were collected and prese rved from each type 


Measurement of Fibers in Primary-Wall Stage 


Preservation of Materiai 


Locks ranging in age from & to about 16-18 days, 
r to the probable age at which fiber elongation has 
ceased, were taken directly from the boll and dropped 
into boiling water to separate the fibers [3]. Care 
was taken not to soften the tissues by overboiling 
or to rope the fibers by allowing the water to boil 
too vigorously When the fibers had separated, the 


seeds were placed m sO! aleohol for storage 


Preparation of Slides 


Ihe material to be used was transferred from 
alcohol to water and kept there for a few minutes 
in order to soften the tissues \ seed was selected 
and placed in a low, flat, glass dish, preferably a 
petri dish, and the fibers were spread out by means 


With a 


very sharp scalpel a small bit of seed coat with at 


of a small stream of water from a pipet 


tached fibers was cut from the seed, dipped into a 
stain (crystal violet), washed in water, and placed 
on a microscope slide. The fiber tuft was divided 
into two parts. From one of these parts was pre 
pared the small tuft the fibers of which were to be 
measured, the other part being used to hold the tuft 
as a whole during the process of preparation (Fig 
ure 2) 

For ease and accuracy of measurement, the dried 
fibers on the prepared slides should not overlap but 
should be well separated from one another. In order 
to prepare such a shde the fibers must be straight 
ened, broken and loose fibers removed, and excess 


fibers cut away. Much of the combing and straight 


ening of the fibers was accomplished by means of a 


Principal Fiber Technologist, Dis f Cotton and 
Other Fiber Croy and Diseases, | eau of Plant Industry 
Soils and Agri tural Fr neering Formerly tationed at 
the North Carolina Agricultural Experiment Stat Ra 
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stream of water from a pipet, which was played upon The onentation of the tuft parallel to the long 


the tuft while holding the shde over a beaker of axis of the microscope slide enables the operator to 

water. Very tine dissecting needles were used, with — locate easily, by means of the mechanical stage, the 

the aid of a wide-field microscope, to do some of the — desired positions along the tuft for making the fiber 

combing and straightening and to cut off the excess measurements 

fibers In certain phases of the study, information regard 
The size to which a tuft was reduced depended 

upon the type of study for which it was to be used 

In certaim stuches it was not considered necessary 

that every tiber be measured; only that the tuft vield 

a certam number of measurable fibers at 1, 2, or 3 

different positions along its length. Tufts meeting ‘ 

these requirements are prepared rather rapidly but 

will contain some fibers that are unmeasurable, ow 

ing generally to overlapping and teiding. “Twenty 

five fibers is about the maximum number of measur 

able tibers that a well spread out tuft, prepared with 

reasonable care and rapidity, can le expected to 

vield The number of excess tibers needed to pro 


vide 25 measurable ones m one tutt depend 


upon 
factors, such as length of fibers, extent to 
which tibers are separated, skill of operator, et 
Kor other phases of the study, it was required that 
every fiber im a tuft be measurable along the greater 
portion of its length. Such tufts were reduced to no 
more than 25 tibers and usual 


or 10 


lv to no less than & 


Niter a tuft was reduced to the desired size, the ‘i 


fhhers were fanned out on the shde with a stream ot 


vater trom a pipet and the shde was set aside to dry 

Several dithculties in the shde-making processes 
were encountered, the most trving bemg the devel 
opment of surface-tension films that caused the bers 


to clump. This clumping was overcome by using a 


very strong wetting agent in washing the slides and 
a somewhat weaker one in the water pipetted onto 


the tibers 


Another dithculty was the matting of fibers, a 
condition that resulted either trom the failure of 
fibers to become separated during botlng or failure 
f to remain so during storage No way of entirely 
avoiding this condition has been found, although 

we 4 care during the borlng procedure appears to be of 


some value 


Veasuring and Construction of Fiher Profiles 


The sltdes do not require a mounting medium or 


cover glass but may be measured in the dry. state Fig. 2. Slide with dried fiber tuft prepared for fiber 
measurement A —Seed-cvat fragment B—Portion of 


\n evepiece mmerometer with a movable scale has 
ft the fibers of which are to be measured. ¢ Portion 


heen tound to be the most sz ti ry tv] t meas 
! und t mt ost satistactory type of mea used for holding B during the process of pri 


uring: tor this Mose paring the id 


“a 
Al 
Lie 
Bey 
tig 
3 
pe 
A 
F 
4 
it 
+ a 
‘ 
4 
aqnification 
| 
| 


Marcu, 1950 


idealized 


fiber profiles were constructed according to the fol 


ing fiber shape or profile was desired 


lowing procedure: Using tufts containing no more 


than 25 fibers, measurements were made of every 


tiber at l-mm., intervals along the tuft length, begin 


ning usually at a distance of 2 mm 


trom the base 
and extending to within a short distance from the 
tip. In spite of care taken, the tips of some fibers 
(the 
number of millimeters increasing with the length of 
This ts 


a little unfortunate but not, however, of very great 


were broken, so that the last few millimeters 


the fibers) were disregarded in this study 


nnportance, since this study Is Conce rned primarily 


with the bulk of the fiber length. Moreover, the 


measufements of the fiber tips probably would not 


be reliable because there 1s some indication that 
shrink 


these very attenuated portions wrinkle and 


on drying 

\ mean perimeter was calculated for each position 
along the tuft, except for the extreme tp and base 
The 
shape or protile ( Figure 3). 


means, when plotted, show the average tber 

Since it was necessary to compare tufts of different 
lengths and in some cases of widely different perim 
eters, the data were reduced to a percentage basis 
The fiber length for a tuft was considered to be that 
This 


one tor 


of the longest fibers, whether intact or broken 


length would probably be about an average 


tec Ter Teo Ter Ter Teo ew See sreces 

i 
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3 eree @ # @ & @ 

From 

Firs. 3. Data resulting from a tuft 154 mm. long 
containing 24 fibers Perimeters were measured at 


}-moa. intervals along the length ef the fiber, beginning 
at a distance of 
attachment to seed) 


Profile 


values. For 


mm. from the fiber bases (point of 


Each dot represents one fiber meas 
constructed 


urement mean 


from Perimeter 


successive mullimeter distance 
the ha se the perc centage 


for the 


from 
alues are given for the distance 


and 


perimeter 


the longest fibers would be 


a whole since 


the tutt as 
those most likely to be broken at their tips during 
the process of slide-making 

For every tuft, each millimeter distance from the 
base was converted to its percentage value in relation 
to the total length of the tutt, and each perimeter 
mean to its percentage value im relation to the larg 
est one along the tuft length. The percentage and 


actual mean values for positions along the length 


were plotted, and the values for 5 intervals of 


length, beginning usually with the 15 or 20° posi 
tions, were then interpolated, Data for several tufts 


may then be averaged. By using this procedure, 
idealized fiber profiles were constructed which showed 
average fiber shay for tibers of different lengths, 


different positions on the seed, and for the different 


types being investigated 


on oat Fibers fo Veasured 


The selection of fibers to represent a cotton was 
based on the results of studies made to ascertain the 
extent to which perimeter and fiber shape or profile 


varied with position of fiber on seed, position of seed 


in lock (perimeter only and with age or length 
of tiber 

Position on the Seed lo aid in the selection of 
the fibers, the cotton seed was divided into 4 areas 

COTTON SEED 
CHALAZAL END 
CHALAZA 
MIOOLE 
nape 

MICROPYLAR END 
Fie. 4. Diagram of cotton seed, sho ) the areas 


from which fibers 
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(Figure 4), which were designated as follows: .1 
chalaza; B—area mmediately surrounding the cha 
laza and called here, for convemence, the chalazal 
end of the seed: ( middle of seed; 1)—micropylar 
end of the seed In certain instances the raphe 
areas B,C, and J) was considered separately 

Although mo striking or consistent differences in 
size of perimeter have as vet been established for 
the fibers froma the four main areas of the seed, there 
was definite evidence that the perimeters of fibers 
associated with the raphe are smaller than those of 
the fibers trom adjacent portions of the same general 
area. There was some mdication that the fiber pro 
files vary with position of fiber on the seed. In ad 
dition, for reasons not understood, satisfactory tufts 
trom the meropylar area were found to be practi 
cally impossible to prepare 

\s a result ot these observations it was decided to 

fibers from areas B and C, which together 
constitute the bulk of the fibers om a seed; one tuft 
was to be selected from each area at some distance 
from the raphe and 25 fibers were to be measured 
from each tuft 

Twenty-five fibers undoubtedly do not represent a 
particular area of a seed or 50 fibers an entire seed, 
but better sampling is probably attamed by using 
additional seeds rather than by using more than one 
tuft from each area of a single seed 

Position in Lock The extent to which perimeters 
or profiles might vary with position of seed in. the 
lock has not as yet been extensively investigated 
Phere was some meication that thers on seeds located 
at the base of a lock have smaller periuneters than 
the fibers on seeds at other positions have. [In case 
there may be a more definite trend throughout the 
lock than has been imdieated so tar, the seeds selected 
for comparing types were taken always trom the 
nuddle of the lock 

in perimeter size and in tiber shape with fiber growth 
in length had to be taken consideration im 
selecting young fibers for measurement. Preliminary 
stuches had given some evidence that fiber shape ts 
a fairly constant tiber characteris Moreover, ac 
cording to Balls | 1]. perimeter ts reached 


very early in the process of fiber elongation 
Idealized protiles showed that tor any variety, 


observations 


West 


Textice Researcu JourNat 


ALONG 


PERCENT oF 


PERIMETER 


FROM BASE OF FIBER PERCENT OF TOTAL LENGTH 


Idealised fiber profiles of short and long fibers 
of Stoneville 2B, Doubled Haploid 


regardless of the actual fiber (tuft) length, the gen 
eral fiber shape is about the same (Figure 5). More 
over, fora particular variety, the mean perimeter at 
the same relative position along the fiber length (in 
these cases, the 45% pom of length), was found to 
he about the same for tufts of different lengths (Table 
1), thus confirming the observations of Balls [1], 
Kerr, and West * that the cotton fiber acquires its 
Maximum cross-sectional size very early im its 
cleve lopmie nt 

\ssuming, then, for a variety and for a specific 
position on the seed, constaney of profile and maxt 
mum perimeter during hber elongation, fibers of any 
length may be used for making perimeter measure- 
ments, providing the measurements are made at the 
same relative positions along the fiber length 

However, neither very short fibers nor very long 
ones are satisfactory, Slides of short fibers are rela 
tively easy to prepare, but the perimeter means ob 
tained from them are influenced to a much greater 
degree than are those of somewhat longer fibers by 
the shorter-than-average fibers that may be present 
Qn the other hand, slides of long fibers are difficult 
to prepare, and, in addition, there is danger that 
some tibers may be stretched as a result of straight 
ening and combing. Stretching may account for the 


fact that the longest fibers measured from Sealand 


342 and Acala 36 had smaller perimeters than the 


shorter fibers (Table 1) 

Fibers 12-18 mm. or perhaps 20 mm. in length 
are considered the most satisfactory, Tufts of these 
lengths are prepared with relative ease, and if they 

handled with reasonable care, it is fairly certau 


hardening action of the alcohol preservative 
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Mipoie of Steps From Bouts of 


Maren, 1950 
TABLE |. Primary-Watt Perimerers or Finers prom THe CHALazat END AND THE 
DirrerRent Aces (Dirrexent Finer Lexornus) ror Dirrerent Tyres of 
halazal end of 
Seeds Fiber 
exarained length Perimeter 
Typ lays) (number) min.) (us 
Sealand 542 if 10 16.3 70.7 
12 10 16.8 71.3 
13 19.4 10,7 
14 10 210 ORS 
Triple Hybrid 805 6 4 10 99 65.7 
9 10 12.2 68.9 
10-12 6 18.9 66.4 
Rowden 10-5-2. 1 12 10 14.8 76.3 
13 10 ik 
Rowden 18-2-1-4 10 7 13 798 
11 10 13.0 R16 
12 10 16.1 80.6 
13 19.7 84.9 
15 10 240 794 
Stoneville 2B, Doubled Haploid 10 10 11.9 7O8 
11 10 15.6 82.1 
12 10 17.0 81.5 
13 8 19.9 82.5 
10 20.4 S14 
Acala 36 11 9 10.4 91.2 
10 10 11.8 87,2 
13 10 13.9 919 
12 10 14.3 OO7 
10 17.1 BRS 
15 10 220) S44 
\cala 1-1-1-3 11 6 10.8 71.6 
12 10 13.6 70.6 
12 14.1 744 
Rowden 40-53-12? 11 10 10.3 86.6 
11 10 RR 7 
12 10 15.6 R31 
13-14 12 19.3 RRO 
* For each seed, 25 tibers from the chalazal end and 25 from the middle were measured at 
length 


s sufficient to prevent significant distortion of the 


fibers during the process of preparing the slides 


Selection of Place of Measurement 


It was desirable that one point be selected along 
the tuft length at which to make the perimeter meas 
urements. One place of measurement that would be 
suitable for all varieties and for all positions on the 
seed would require, however, similarity in fiber pro 
file. The idealized fiber profiles for 8 of the Spec rally 
selected cottons plus 4 additional ones showed that 


among these 12 cottons there appeared to be 3 gen 


eral types ol profile 


mum perimeter ts (a) 


ih 


) beyond the middle 


Corros * 
Middle of seed 
Fiber 
length Perimeter 
(a) 
4.3 694 
48 700 
17.8 69.1 
18.9 67.1 
95 65.2 
120 66.1 
18.4 66.2 
129 750 
16.9 760 
78.2 
14.4 
is4 
08 80.6 
11.1 74.8 
14.1 774 
15.2 77.3 
17.7 764 
19.0 76.8 
92 910 
104 82.5 
12.3 80.4 
1) 8 90.8 
16.1 89.6 
20.1 S44 
96 72.5 
1? 72 
124 71.3 
91 87.5 
11.7 89 6 
14.1 
16.5 


the 45°, pennt of fiber (tuft) 


according to whether the maxi 


near the middle of the fibers 


toward the tip, or (oc) helow 


the middle toward the base ( Figures 6 and 7) Lo 


cation of the maximum perimeter near the middle 


of the fibers appears to be the most common condi 


tion. The location 


terizes Sea Island cotton and Sealand 5 


Wilds (Figure 7 


because Sealand 


well | 


This 


the 


sunularity 


middle charac 
$2 and Coker 


is of Interest 


Is a product of a Sea Island » up 


land cross, and Coker Wilds presumably contains 


Sea Island genes 
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Although the differences are slight, indications are 
that when in any one type the location of the maxi 
mum perimeter of fibers at the chalazal end of the 
seed is near or slightly above the middle of the fiber, 
the location, in the case of middle-of-the-seed fibers, 
is shifted somewhat in the direction of the fiber bases 
( Figures 6 and &) There 1s some evidence of a 
further shift in the basal direction in the case of 
hbers from the micropylar end of the seed 

Phese observed differences in the profiles of fibers 
from different types of cotton and from different 
areas on the seed clearly show that any one arin 
trarily selected point for making perimeter measure 
ments will not be entirely satisfactory m all cases 
However, after considerable study, the 45° point of 
length was selected as being the most generally satis 
factory position for making the single measurement 
This decision was influenced by several factors. Dts 
tribution charts, such as the one shown im Figure 3, 
showed the portions of the tiber slightly below the 
whole, the least variable \t 


port oor slightly 


middle to be, om the 


the 50°, above, the taper ot the 


shorter fibers im the sample begins to have a dis 


proportionate ‘ftect The 45° point at length 1s 


certainly better than the 40 position, because the 
latter 1s well within the tapering area of Rowden 40 
and Acala 36 The 50° point of length, though 
probably satisfactory for chalazal fibers, is not satis 
factory for the fibers at the muddle of the seed, 


} 


because itis well within the tapering area of certain 
of the types pornt wall 


Although the 45% 
} 


cide with the maximum permeter tor all the cottons, 


not com 


this point appears, however, to be the best selection 


for both chalazal-end and muddle fibers as a whole, 


with the probable exceptt m of those cottons whose 


ore 


TANCE Bast 


6. Idealized profiles of fibers from the chalaca 


ead of the seed for 8 t fes of cotton 
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taper toward the up begins well below the middle 
of the fiber. The advisability of making measure- 
ments at 2 or perhaps 3 positions on a tuft is being 
considered 

The general procedures that were followed in se 
lecting and measuring fiber perimeter may be sum 
marized as follows: Seeds the fibers of which were 
12-20 mm. in length were taken from the middle 
of the selected locks Two tuits (slides) were pre 
pared for each seed, one of fibers from the chalazal 
end and one of the Sbers from the middle of the 
seed. These tufts were selected at a short distance 
Measurements were made of 25 


from the raphe 


fibers in each tuft at the 45° point of tuft length 


Primary-Wall Perimeters for 9 Types of Cotton 


The mean fiber perimeter, based on 20 seeds 
for each cotton, ranged for the 9 selected types from 
66.5 to SY5 for fibers from the chalaza!l end of 
w seed and from 66.3 to 90.2 » for fibers from the 
middle of the seed (Table IT) 


among types shown by the fibers at the 


In general, the dif 
ferences 
chalazal end are shown to be of about the same degree 
as those for fibers at the middle of the seed 

The values based on 20 seeds for each type citfer 
little from values based on 10-seed samples (Table 


mice ATALVSIS 


10-seed samples were subjected to vari 
The fibers from the chalazal end of 
the seed were shown to be somewhat more variable 
than those trom the muddle of the seed Perimeter 
differences between the fibers from chalazal-end and 
varieties 


middle areas are not consistent for all 
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Idealized profiles of fibers from the chalaza! 
middle of the seed for Coker Wilds and for 
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TABLE Tl. Primary-WaLt Perimerers oF Finers From THE CHALAZAL END ano oF THe 
FoR 9 Dirrerent Tyres or Corros * 


Chalazal end of seed 


Mean of 


20 seeds 


Type (ys) 
Triple Hybrid « 6 66.5 
Sealand 542 71.0 
\cala 1-1-1-3 72.5 
\cala 1-1-1-2 72.4 
Rowden 10-5-2-1 76.0 
Stoneville 2B, Doubled Haploid 81.8 
Rowden 18 2-1-4 81.3 
Rowden 40-5-3-1-2 
\cala 36 89.5 


* For each seed, 25 fibers from the chalazal end and 25 fros 


(able 11), and were found tor the data as a whole 
to be statistically imsignificant 

Highly significant differences were found to exist 
among types as well as among the seeds of a single 
type. Differences between types of 5.29 p and 4.86 p 
for the chalazal end and middle of the seed, respec 
tively, are required for significance at the 1‘; level 


On the basis of these requirements the 9 cottons 


may be grouped as follows: Triple Hybrid has the 


smallest perimeter and differs significantly from. all 
save Sealand. Sealand, Acala 1-1-1—2, Acala 


1-1-1-3, and probably Rowden !0 form a group 
which, in general, differs significantly from the other 
types; Stoneville 2B and Rowden 18 form another 
such group, and Acala 36 and Rowden 40 still an 
other one. From these results, a sample of 250 
fibers, 25 from either the middle or the chalazal end 
of 10 seeds, representing as many different locks, 


would appear to be sufficiently large to establish 


rather small differences among cottons. Neverthe 
| 
2 
a 
4 
= STANCE BASE OF BER PEPCENT OF Tota 


Fic. 8. Idealized profiles of fibers from the middl f 


the scecd for &¢ pes of cotton 


Middle of seed 


Mean ot Mean of Mean of 
10 seeds 0 seeds 10 seeds 
(a) (a) 
66.0 66.3 66.1 
70.6 69.7 09.4 
74.2 71.9 72.5 
730 73.7 73.6 
75.3 75.8 780 
81.5 77.3 77.3 
SO? SOI 
919 oO) 4 
n the middle were measured at the 45°, pont of tuft length 
less, since the fibers from the chalazal-end and 


middle areas have been shown to differ in their de 
grees of perimeter variability and there occur types 
whose chalazal-end fibers differ decidedly from. the 
middle-of-the-seed fibers in the size of their perm 
eters, as shown by Stoneville 28, and in their pro 
files, as shown by Rowden 40, it appears to be advis 
able, tor the present and until more mformation has 
been accumulated, to measure fibers from both the 
chalazal end and the middle of the seed and to 


consider these two areas separately 


Measurement of “Fineness” on Mature Fibers 


The mature seeds of each cotton tested were care 
fully ginned by hand, taking the fibers separately 
from the four main areas of the seed (Figure 4 
Only the chalazal end of the eed (area B) and the 
middle (area C} were considered im this study, how 
ever, since these were the areas represented by perim 
eter measurements of fibers in the primary-wall stage 
Speci surface area as measured by the arealometer 
[11], tiher weight per inch, and percentage ot thick 
walled fibers * were determimed for the two areas 
From the specific-surface-area and weight-per-inch 
data, fiber perimeters were calculated according to 
the procedure described by Kerr [6] 

The “mercerized tiber diameter” was measured tor 
area C only \rea B owas excluded owing to the 
decidedly immature condition of its fibers (Table 
I11), because it was desired that errors introduced 


by differences in the amount of secondary-wall depo 


\realometer determinations were made at the University 
of Tennessee Fiber Research Laboratory at Knoxville, Ter 
nessee, and the data for fiber weight per inch and percentage 
of thick-walled thers were furnished by the Cotton Branel 


Production and Marketing Administration, U.S.D LA 
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Textive Researcu JouRNat 
PABLE of Finees prom THE (C) oF 
Mater Seeos row 9 Direekenr of Corrosn 
Specific, Fiber Thick 
Pe thon urtace weight Calculated Mercerized walled 
on ireat per inch? perimeter} diameters fibers? 
No.* em2img.) my. 10~*) (yu) (u) (%) 
| Sealand $42 41.8 56 
$47 3.2 43.8 14.9 76 
4 Triple Hybrid 805 6 / 7% 37 37.3 9? 
Rowden 10 5-2-1 74 39 42.1 74 
46 15 13.6 182 82 
\Neala 1-1-1 2 B $70 40.8 62 
> 3 42.8 16.0 
Rowden B ) 48 $8 16.9 82 
( 2.10 430 17.7 92 
6 Stoneville 2B, Doubled Haploid B 86 4.2 47.3 78 
( 2.11 54 17.7 96 
7 Ncala 46 4.0 35.3 62 
tha 
( 234 $3 53.0 i8.8 79 
A\cala 1-1-1-3 4.18 3.2 40 
( 2.69 40 42 16.4 SS 
Rowden 40 5-3. 1.2 4.19 578 6) 
— ( 2.08 6.6 34.1 20.2 90 
¥ . 
_ Code numbers based on order of decrease in average fiber length 
t Mean of 4 observations 
t Mean of 2 observations 
§ Calculated from ‘pectic surface area ind hber weight per inch 
Based on 25 fibers for each of 10 seeds 
** Estimated value 
w w 
| 
> 
2 2 
w 
« 
w 2 
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MICRONS 
MICRONS 
MEASUREO PERIMETER — PRIMARY WALL STAGE MEASURED PERIMETER — PRIMARY - WALL STAGE 
l ) Scatter d ram ou r fibers frow | 10. Scatter diagram showing for fibers from th 
Chalazal end of seeds of f n the relations middle of seeds of 9 types of cotton the relationship 
between the measured primar ll perimeter and the efween the measured primary-wall perimeter and the 
fersmeter of mature fibers wed from specif perimeter of mature fibers as calculated from = specifu 
surface area and fiber % ar l i ponts surfa arca and fiber weight per inch Plotted points 
are indicated ed by type code numbers 
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thin-walled fibers be re 
The 


secondary-wal!l development in 


sition and the presence of 


duced to a minimum increase in degree ot 


passing from the 
chalazal end to the micropylar end of the seed, which 
has been observed by others [8], 1s shown for these 
9 cottons by the smaller specific surface area (de 
crease in fineness), greater fiber weight per inch, 
and greater percentage of thick-walled fibers of the 
middle as compared with the chalazal end of the 
seed (Table 

The 


follows 


“mercerized diameter” was determined as 
Ten seeds were selected to represent each 


Each 


well-matured 


seed was taken from the middle of a 
lock 


was cut from the middle area (C) 


cotton 


A portion ot seed coat with 
fibers attached 
of each seed. The fibers were swollen in 18% so 
dium hydroxide, washed, stained in Congo red dve, 
rewashed, and dried, without detaching them from 
the seed-coat tragment., The tufts were mourited in 


mineral oil fibers measured at 


the 


lwenty-tive were 
niddle of each tuft, each measurement being 
made at the widest point (as seen in longitudinal 


Any 


In spite of care im the 


view} between two convolutions thin-walled 


fibers present were skipped 
selection of fibers to be measured and the place of 
measurement, the vabues obtained are considered to 
be of questionable accuracy. L-rrors were undoubt 
edly mtroduced by such factors as differences m the 


maturity of the cottons, difficulties inherent im the 


technique, ete 
In the diagrams used to show the relationship 
between the perimeters of fibers in the primary-wall 


stage and other tiber fineness measurements, the 


plotted pomts are indicated either by the other fine 
1 The 


ness values or by the code number 
varieties are coded according to their relative aver 


Variety 


Sealand 542 is the longest and 


40, which is the 


age fiber lengths 


is coded 1, and so on, to Rowden 


shortest and ts coded 9 (Table IT] 


Comparisons of Primary-Wall Perimeter with 
Measurements of “Fineness on Mature 
Fibers 

In order to properly evaluate the perimeter meas 
urements made on fibers in the primary-wall 
the values obtained were compared with other meas 
fibers of the 


urements of fineness on the mature 


lage, 


d Per 


Comparison Wun aicttialh 


The 


perimeters are sim 


mg types in their primary-wall 


differences am 
ilar to the differences in their cal 


culated perimeters ( Figures 9 and 10 This is true 


for the fibers located both at the chalazal end and 


at the middle of the seed. L complete agree 


profile characteristics 1s shown 


he 4 halazal 


ment as a result of 


particularly well by determinations tor t 


end area. A regression line was not calculated, but 


if a line were to be drawn through the pomts for 


measured at or near the 


Nos. 2, 3, 


not measured near 


those cottons that were 


point of maximum perimeter (Figure 9, 


4, 5,6, 8), the cottons that were 


this point Nos. 1, 7, and 9) fall above the line, since 


their measured perimeters are too small compared 
Although the 


the middle of the seed show the same general re 


with their calculated ones data tor 


as do the data for the chalazal end, the 


tionships 
cottons considered separately do not behave entirely 
Sealand is out of 


\cala 36 


apparently are 


as their profiles would indicate 
which is to be expected, but 
(No. 9 

(No. 5 


No satisfactory explanation has 


alignment, 
(No 7 and 


not displac ed 


Rowden 40 

Kowden 18 however, 1s 
decidedly displaced 
been found for these apparent discrepancies 


The 


0» while the calculated perimeters for the 


primary-wall perimeters ranged from 66. to 


dned fibers ranged from 
the differences between the two sets of values repre 


sent the extent to which the cellulose ot the fiber 


wall shrank transversely average 


42°; 


the average ratio of perimeter of the dried mature 


in drying The 


shrinkage for the 9 cottons was found to be 


fibers to the perimeter ot the wall tibers 


Moore [7] 


primary 


being S80 reported the ratio of diam 


eter of mercerized fibers to diameter of uncollapsed 


hie ~t 


strictly comparable The 


mature fibers to be 643 two ratios, though 


are, 


however, not 
values for the primary-wall perimeters are probably 
uncollapsed mia 


comparable with the values for the 


ture fibers; the values for collapsed mature hbers are 


not comparable, however, being based, in the case of 


Moore’s data, on dried mercerized tibers, and. in the 
case of the calculated perimeters, on untreated dried 
tile rs No 


how 


attempt is being made here to estimate 


much of the difference between the two ratios 


would be due to the effect of swelling in 18% 


odium 


hydroxide 


andl then drying 
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Comparison with “Mercerised Diameters 


In general, the differences among the types in 
promary-wall perimeters are similar to differences in 
The data are 


stent, however, as might be 


“mercerized diameters” (Figure 11) 


not so con desired 


Since both sets of measurements were made at about 


the same point along the fiber length, lack of agree 


| 


ment cannot be related to fiber-protile differences 


No consistent explanation has been found for the 


apparent meconsistencies, such as the seemingly small 
mercerized ciameter™” for Acala 36 (No 
The average ratio of “mercerized diameter to 
diameter of fibers in the primary-wall stage 1s 099, 
im contrast to the ratio of 643, which was found by 
same relationship, 


Moore 


ever, mature undnied fibers rather than tibers im the 


|7] for the using, how 


primary-wall stage. No attempt is made here to 
explain the diserepaney. Considering ditferences in 
operators and im techniques used, the two ratios may 
perhaps be as similar as could be expected 
Comparison with Area and Fiher 


Wetght per Inch 


Surta 


When comparing the primary-wall peruneters with 
arealometer determinations and the tber weights per 
inch, the tact must be borne in mind that permieter 
is only one of the components of these fineness” 
measurements [6] The degree ot secondary-wal 
“maturity,” is the other 


With cottons ot the ie 


development, usually called 
component perimeter, 
differences in specific surface area or in fiber weight 
per inch represent differences im secondary-wall de 
velopment. On the other hand, sinularities in specifi 
surface area or weight per inch do not necessarily 
indicate sumilar degrees of maturity, for a cotton 
the fibers of which were large in perimeter, but 


relatively thin-walled, could have the same specity 
surface area or the same weight per inch as one the 
fibers of which were small im perimeter and com 
paratively thick-walled 

In comparing perimeters of the primary wall with 
specific surface area and weight per inch (Figure 
12), the chalazal-end and middle areas of the seed 


bserva 


were considered as one group, making IS © 
tions im all, the chalazal data being indicated by 
encircling che values indicating the plotted ports 
The seatter of the samples shown in Figure 12 
seems to show a general negative relationship be 
tween perimeter size and specie surface area, with 


a few examples that are out of alignment, a relation 


ship which at first thought might be expected 
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PERIMETER OF PRIMARY WALL IN MICRONS 
Fic. Ll. Scatter diagram showing for fibers from the 


middle of seeds of ¥9 types of cotton the relationship 
between the primary-wall perimeter and the “diameter” 
ed mature fibers. Plotted points are indicated 


by type code numbers 


This 
interpretation, however, is not the complete or cor 
rect one for the material presented. 

It is true, all other things being equal, that specitic 
surface area increases with a decrease in size of 
peruneter. [It must be realized, however, that among 
harvested cottons there will be various degrees of 
secondary-wall (so-called 


Pheoreticalls 


development maturity ) 
for each of the possible peruneters 
represented on the horizontal axis of Figure 12 
there would be [ 


secondary-wall thickening 


cottons with different degrees of 
The decreases in degree 
of wall thickening for each perimeter would be rep- 
resented by increases in specific surface area. The 
range in specihc surface area for each perimeter 
could conceivably extend to or even beyond the 
limits shown in Figure 12. The 1&8 samples included 
in this study are only a few of the many possible 


specific surface-perimeter combinations. The com 
binations were such, however, that the scatter showed 
an apparent tendency for specific surface area to de 
crease with increase in perimeter. Another group of 
cottons could show not any trend at all or even the 
reverse trend 

Since for each perimeter value the scatter of the 
samples along the specific surface area axis is related 
to the degree of secondary-wall development, this 
scatter should also show similar and consistent rela- 
tionships with the two other measures of maturity 


for the same samples 


namely, the fiber weight per 


When 


inch and the percentage of thick-walled fibers 
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the plotted points showing the relationship between 
the perimeter of the primary-wall fibers and specific 
surface area tor the 18 samples are indicated erther 
by fiber weight per inch (Figure 12) or by the per 
centages of thick-walled fibers (Figure 13), for each 
rather small perimeter range, as the fibers become 
hiner—-that ts, as the specific surface area increases 

there is the expected decrease in both the hber 
weight per inch and the percentage of thick-walled 
hbers 

Figures 12 and 13 show further that cottons with 
similar specific surface areas may differ widely in 
perimeter, but 


that for any specific surface value 


(2.5/em2/mg., for example) increase in perimeter 
tends to be accompanied by a decrease in the per 
centage of thick-walled fibers, which trend, of course, 
is to be expected. The same relationships hold for 
fiber weight per inch. If a line were to be drawn 
through the points plotted for the cotton samples 


having, for example, a weight per inch of about 


$0 my., the entire perimeter range is included 
(Figure 12). These same cottons show the ex 


pected decrease in secondary-wall development (de 
crease in percentage of thick-walled fibers) with the 
increase in size of perimeter (Figure 13). Theoreti 
cally, if all degrees of wall development for all pos 
sible perimeters are considered for each weight-per 
inch value, the relationship would be a line running 


presumably parallel to the one passing through pomts 
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PERIMETER OF PRIMARY WALL IN MICRONS 
Fig. 12. Diagram in which for each of 18 samples 
the point representing the relationship between the pri 
mary-wall perimeter and specific surface area is ind: 


cated by the fiber-weight-per-inch value of the respes 
tive sample. The 18 samples represent fibers from thi 
chalazal end (circled) and middle (not circled) of thi 


seeds of ¢ f cotton 


163 
plotted for cottons having a weight per inch of 4.0 » 
mg., and the cottons the ports for which fall along 
this line would be expect 1 to show a decrease in 


percentage of thick-walled fibers with imerease m 
size of perimeter (Figure 13) 
Similar results are, of course, obtamed if the con 
ditions are reversed and weight per inch rather than 
specific surface area is plotted against hber permeter 
\ complete discussion of all that these three-fold 
and four-fold relationships imply is beyond the scope 
of this paper The relationships and trends are 
pointed out primarily to show the consistency in 


the data 


Summary and Conclusions 


\ study was undertaken to investigate the possi 
bility of obtaining comparable perimeter values for 
different types of cotton by measuring the perimeters 
have 


of fibers in the they 


dried 


primary-wall stage after 


heen to a glass shde The procedures tol 
lowed in collecting material and making the slides 
and measurements are described. Fibers and place 
of measurement were selected on the basis of imtor 
mation acquired from a study of perimeter variation 
with position ot the fiber on the seed, the seed im the 
lock, the age or length of fiber, and along the fiber. 

Perimeter values 


were obtained for 9 strains of 


cotton selected to represent a 


Theseé 


range im perimeters 


values were compared with other measure 
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Fis. | Diagram im which for each of 18 samples 
he point representing the relationship between the pri 
mar vall perimeter and specif surface area ts mdi 
cated ft he alue for the percentage of thick-walled 
tibers in the respectir 1& samples repre 
sent fibers from the chala end (circled) and middk 
(not circled) of the seeds of 9 types of cotton 
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ments of fiber fineness made on the mature fibers of 


the 


primary-wall perimeters were similar to differences 


same cottons Differences among the types in 


in perimeter values obtamed for the mature fibers 


The general consistency m the results warrants the 


eee conclusion that reliable information regarding the 
4 perimeters of mature fibers of a stram of cotton may 
Y be obtained by selecting and measuring the fibers im 
Ee the primary wall stave according to the method de 
seribed in this re port 
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* 
The Effect of Moisture on Twisted Yarns 
James B. Maginnis 
Chemical Research Laboratory, American Viscose Corporation, Marcus Ho Pennsylvania 
Abstract 
The effect of moisture upon certain physical properties of twist mitt Is t rayor 
yarn was studied. Data are presented on the changes im stress, dimensions, and i for the 
yarn and the component filaments. An expression is presented which gives a qualitative relatio 


ship het ween yarn properties and yarn construct 


Sixce PEIRCE’S [3] WORK in the 1920's 
much has been said and written about fabric geom 
etry and the effects of constructional factors on fabric 
Dr. H 


made “textile engineering” a prime point in his 1944 


performance DeWitt Smith, for example, 


Marburg Lecture. It is now generally accepted that 
fabric behavior can be predicted and controlled from 
a knowledge of yarn behavior and constructional ef 
fects. This engineering approach is of advantage to 
the fabricator who wants to enhance, or otherwise 
change, the specific properties of a yarn. The prop 


erties of the yarns which compose a fabric are also 


dependent upon their own construction. Differences 
in such factors as twist, packing, interfiber friction, 
and the presence of resin or other bonding material 
make it possible to produce different yarns from the 
same basic fiber. Thus, it is seen that the behavior 
of the finished fabric is dependent upon its own con 
struction, the construction of the component yarn, 
The last 


factor will be discussed here: the dependence 


and upon the basic properties of the fiber 
ot yarn 
properties upon construction and fiber properties 
under certain conditions 

It was the object of this investigation to observe 
the effects of moisture on some properties of fila 
ments and 


varns. The specific properties studied 


were stress, dimension, and modulus changes of the 
fiber when wet. An attempt was made to determine 
the dependence of varn properties upon yarn con 
struction and filament properties 


The 


viscose 


yarns studied were 150-denier, 40-flament 


ravon with a moisture regain of about 12% 


* Presented at the meeting of the Fiber Society, Lowell, 


Mass., September 9, 1949 


based on the knowledge of filament 


There were 7 samples of different twists, these being 
3, 10, 20, 30, 4 These 


% or 2%, 


0, 50, and 6O turns per inch 
values were found to be constant within 1 
with the exception of those for the 3 t.p.. samples, 


in which the twist varied 10-15 about a ot 


mean 
7 tpa. The single-filament samples used were re 


moved from the 3 t.pa. yarn. The procedure, ap 


paratus, and results for the different properties wall 


be discussed in separate sub-sections The word 
“dry” will be used to refer to 50% RH. and 70° 
conditions 
Filament Properties 
When a single filament of viscose rayon is im 


mersed in water it swells, thus increasing im cross 
sectional and linear dimensions. The linear swelling 
was observed by placing the filament in a condition 
ing tower, with a we ight on one end, and measuring 


Air oft 


different humidities was supphed through sulfuric 


the length with a microscope-cathetometer 
acid bubblers. The denier of the sample was deter 
mined with a Vibrascope as described by Dart and 
Peterson [1], and appropriate weights were used to 
wive a known stress in grams per demer Figure ] 
shows the change in length for a range of relative 


loads. The 


length upon wetting depends on the load, the e 


humidities under different increase in 


Monga 


tion being greater for the larger load. The changes 


in length of a filament under constant load during 


drying are shown in Figure 2. The terms “positive” 


“negative,” this 


and and in subsequent figures, 


referring to elongation with respect to dry length, 
have the following meanings : a positive extension in 


dicates that the sample is longer than the dry length 
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| Fiiament Elongation 
ed 
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-4 ‘ 
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| Relotive Murmidity (%) 
. ‘ A 
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ria. ver ng uff rela 
a viscose rayon single filament 
stress vsdrying time 
! 
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q 
“4 DIAMETER CHANGE vs RELATIVE HUMIDITY 
4 | for 
4 low, medium, and high twisted yarn ISOM40 reg bright 
at constant tension (average dry rad aimately 7Ous) 
> 3 tns/in | 30 tns/in 60 tns/in 
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Ree 
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LINEAR QWELLING vs DRYING TIME 
not to scale 
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| 
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} near swelling of twisted yarn. The elon 
en as the yarn dries to room humidit 
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of the particular wet-to-dry run, while a negative 
extension means a shorter length than the final dry 


The 


shorten during drying, with this recovery being in 


length filaments lengthen on and 


wetting 
hibited by heavier loads 

here were no measurements taken of the radial 
swelling. The best techmque available at present is 
observation under a microscope |2|, where the swell 
The diam 


eter swelling by this method is about 30% for rayon 


Img may be seen for a thin cross section 


filaments. 

The tendency of a filament to shrink on drying 
results in an increase in tension if the sample ts held 
at constant length. The resultant stress can be deter 
mined with the single-fiber tester described by Dart 
and Peterson |1 Briefly, this apparatus consists 
and the other 
Phe 
other end of the arm is connected by a flexible couple 
Statham 


which is fed to a Brown recording potentiometer 


of two cork-lined clamps, one tixed 


attached to a balance arm with a 10 to 1 ratio 
resistance stram 


to a the output ot 


gage, 
Stress changes of the order of 0.005 gram per denier 
can be detected. The stress in the filament increases 
in a somewhat exponential manner while drying, as 


Phe 


to external 


indicated in Figure 3. sensitivity of 


fiber measurements conditions is indi 


cated by the jagged curve caused by the slight fluc 


tuation of R.H. in the constant-humidity room 


The stress for these small el mygations should be 


nearly proportional to the strain at a morsture 


given 


content. This constant of proportionality, or Young's 


modulus, is the initial slope of a stress-stram curve 


The values for single filaments are about 3 g./den 


wet and 70 to 8O g. den. dry. These data, measured 


graphically, vary over a considerable range 


Yarn Properties 


Phe linear swelling of the twisted 


ured in the same manner as that for single Slaments 


(Gjuide rods were added to the conditioning tower t 


prevent untwisting ot the varns The percentage 

changes, based on the tinal dry length, are presented 

in Figure +. \gain, the changes in length were 
| 


dependent on the load applied, with a 
ward greater elongation under higher 
a smooth curve im some 


were not reproducible in 


were small deviations from 
of these plots, but these 


the 


case of all the samples 
It was possible to measure the diameter of the 


varns by means of a photocell-and-sht arrangement 
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the shit and 


reaching the photocell depended on how much of the 


The amount of light passing through 


slit was occupied by the varn sample. The aceuracy 


of diameter measurements by this method was esti 


mated to be within 1°) and dimensional changes of 


1 or 2 could be detected. Cross-sectional swelling 


is plotted against relative humidity for different 


loads and three representative twists in Figure 5 
The diameter changes are apparently independent of 
the load tor the small range of loads studied in the 


lower 


relative-humidity range. For higher percent 
ages of relative humidity, the swelling appears, gen 


erally, to be less for larger loads. The packing or 


handing together of Hlaments due to the tension on 


the varn and to the twist seems to 


play a large part 
in determining how much swelling wall occur 


\s in the case of single filaments, the yarn held at 


constant length had a tendency to change stress on 


wetting or drying. The tension was determined by 


means ot a strain gage and recording potentiometer, 


as indicated previously he stress changes in the 


varns were not so simple as those im the hlaments 


The stress changes during drying for the different 


twisted samples.are shown in Figure 6 The stress, 


on drying, mereases for yarns of low twist and de 


creases for yarns of high twist Superimposed on 


this over-all change is a variation in stress that ts 


for all twists, having two minima 


initial and tinal stress values beimg 


somewhat similar 


and one maximum each relative 
the 
dependent upon the eveling or other preliminary han 


The 


were repro 


represent 


differences, 


dling 


that 


urves Figure 


} 


© represent averages 


within 10% the majority otf 


the tests being reproducible within about 3°, 


Simultaneously with stress observations, an at 


tempt was made to record the moisture content dut 


ing the drying process \n apparatus, similar to the 


Vibrascope, was assembled which vibrated the yarn 


ie 


difference 


transversely moisture content was determined 


from the hetween the wet denier and the 


} 


dry The moisture content decreased loga 


studied 


cle mer 


rithnneally over the range while the varn was 


Curves 
These 


ure plotted on tv 


to the room relative humidity 


trating this are shown m Figure 7 curves do 


not represent recorded data but 


assumption of a 12 moisture regain. No depend 
ence of the drving-rate constant on twist could be 
determined. The accuracy of the measurement of 


moisture content was estimated to be within 5%, 


vhich 


preve nted accurate determination of the MO 
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ture content as the yarn neared equilibrium. It is 
interesting to note that some of the changes in stress 
occurred for moisiure contents very near the equi 
hbrium values for room relative humidity 

The effects of twist and relative humidity on 
Young's modulus were determined from the imitial 
slope of stress-strain curves plotted from data taken 


in a conditioned chamber. Figure & shows the de 


| 


crease of the modulus with increasing twist. There 


Was quite a spread of these graphically determined 


slopes ; the “dynanne” modulus (determined trom the 
velocity of sound) was also observed and the data 
are plotted together with values for the “statu 

nrochulis Krom these curves, it appears that the 
3 tpa. varn had a lower “nodulus than might be 
expected. This seems to indicate that the individual 
hlaments in this varn were not being strained uni 
formly, some carrying the full load while others were 
lack The data showing the decrease im modulus 


with increasing REL. are plotted in Figure 9 


Yarn Construction 


Phe properties of yarns should be dependent upon 
the properties of the component filaments and the 
yarn construction The measurements discussed 
previously indicate that the changes in the properties 
of flaments when they are immersed in water are 
straightiorward, while the yarn properties go through 
mimima and maxima during the over-all change 
Phe «ifference im behavior should be calculable geo 
metrically No attempt will be made here to achieve 
a strict mathematical formulation; rather, a qualita 
tive approach wall be discussed merely to madicate the 
effects of construction From certain assumptions, 
the stress as a function of moisture content for rep 
resentative twists will be calculated and compared 
with the observed data 

Phe varn is composed of 40 continuous, somewhat 
eviindrncal filaments twisted together, woven one 
about the other ina random manner Che first sim 
plittcation will be to assume that the 40 filaments are 
uniform evimders twisted together in a smooth helt 
eal form For this idealized varn, the effects of 
single-hlament dimensional changes upon varn elon 
gation can be calculated, assuming perfectly smooth 
surfaces. The total elongation of the idealized yarn 
can be divided into two portions ; ¢,, representing the 
elongation which is due to cross-sectional swelling, 
and ¢., that due to linear swelling \ filament im 


this twisted varn wall follow a helix with an inelina 
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tion @ to the varn axis such that 
6 = tan”! (2x#Nr), 


where .\V is the twist and r is the distance of the 


filament from the center of the varn. The length of 


the yarn per turn of the helix is 


l cos 
here 
2er 


sin 


and if the varn swells ér in radius as a result of 


filament swelling, the new yarn length is 


+ br) 


cos [ tan 


sin | tan 


It is assumed, since these equations are to be used 


for constant-length calculations, that the twist re 
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mains constant. The fractional extension is where ry ts the value tor the outermost hlament 
the yarn radius 
és 4a? Nr? + 1 \n opposing factor to this negative extension ts 
, 4x? N*(r + dr)? + 1 the linear swelling 8/// of the filaments, and since the 


over-all radius and the helical angle remain constant, 


If the filament packing is imperfect im such a way 


that only part of the cross-sectional swelling is et - 
fective in swelling the entire yarn, then 
bs i + cos 
= pébp, 
l cos @ 


where dp is the radial displacement of the filament 
Since this is independent ot 
and p is the packing factor 

Furthermore, since the extension due to swelling 
increases from filament to filament, proceeding from é 
the inside to the outside of the yarn, an approxima 


tion of the average extension 1 Phe next assumption is the validity of Hooke’s 


law This law will be approximately true in the 

é, {| K k 1| 4 range of stress studied, for a given morsture content 
a Che third main assumption is that the stress m_ the 

yarn is not time-dependent. Such factors as creep, 

relaxation, and recovery are ignored Thus, the 


| Young’s Modulus 
150/40 Viscose Rayon 


stress 1s a function of Young’s modulus and filament 


Young's Modulus 
as determined from 


the initial slope of a 
100 stress strain curve 


9 3turns/inch 


Dynamic 


aor = \ 
ag 
| | 
30+ & \ 
\ 
20} \ 
10} 
Twist (turns per inch) 
1Or 
1?) 10 20 30 40 50 60 
Fic. & Young's modulus and twist Ti dynam Relative Humidity (%) 
es are found b sonic measurements, the “statu 
points determine the intial slope of a stress-strain Fic. 9. Young's modulus decreases with higher 
curve humidity 
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+: K al | 
pébp) + A | 


r + 


where Z is the stress on the varn and F ts the pro 


portionality factor ( Young's modulus 
Po check the validity of this equation, the following 
Since the filament 


steps were taken 


swelling as a 
function of moisture content was unknown, the pack 
ing factor was taken as unity and varn swelling data 


used 


were ¢ 


were experimental data on FE, ér, and 
pressed terms of content by 
using a MC-RE 


line of moisture content vs 


isotherm Then, an arbitrary log 


time was drawn and the 
values for the variables were substituted in the equa 


The 


drying time is compared with the 


tion stepwise with time resulting curve ol 


stress change 


Qualitative comparison between 
derived and measured stress 
changes vs. drying time 


solid line measured stress 


dotted line calculoted stress 


60 tn/in 


30 tn/in 


3 tn/in 
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observed data in Figure 10. The general shapes are 


This 


correlation between derived and observed quantities 


similar, although the quantitative values differ 


would seem to indicate that the following mechanism 


holds true. When the yarn is wet by immersion 1 


water, the individual filaments swell. The yarn when 
wet will be longer or shorter than when dry, depend 
ing upon the magnitude of two opposing tendencies 
In terms of percentage change, the filament linear 
swelling tends to lengthen the wet yarn independently 
of twist Phe 


opposing shrinkage is caused by 


hlament cross-sectional 


swelling, which decreases 
the varn length in a manner depending upon twist, 
the shrinkage bemg greater the higher the twist 
Kor low turns per inch, the linear swelling effect 1s 
predominant and the wet yarn is longer; for higher 
twists, the radial swelling causes a shrinkage on wet 
ting. Thus, it is possible to conceive of a certain 
twist for which the length change from the dry to 


the wet state is zero 

When twisted continuous-flament yarn is held at 
constant length under a low tension, its tendency to 
change length on drying will result in a change m 
tension The tension 


merement will be in 


agree- 
ment with the direction of the elongation tendency 


The 


tionality is dependent upon moisture, and a giver 


and proportional to it constant ot propor 


elongation will have a greater effect on the stress im 
a drv varn The resultant stress is affected, then, by 
the change of dimensions and of modulus, and the 
over-all stress differences are fairly simple to explam 
in this wav. The maxima and minima fluctuations 
recorded during the drying evcle are apparently 
dependent upon the different rates of the individual 


effects 


Summary 


The effect of moisture upon certain physical prop 


erties of 150 40 twisted ravon varn has been studied 


On drving 


gy at constant length, the stress 1 


for low twist, remained fairly constant for medium 
twist, and decreased for high twist. The observed 
changes in length, under constant load, were im 
wreement with the above observations The modu 


is decreased with increasing twist and increasing 


reiative 


\ qualitative expression relating Hlament and yarn 


properties has been presented. The general trends 
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are correct, but the quantitative results were quite 
different. While a particular discrepancy was noted 
in the low t.p.i. yarns, the inclusion of the packing 
factor into the calculations would change the results 
in the right direction 

The problem of determining fabric behavior under 
given conditions is a broad one and a knowledge of 
yarn behavior must be acquired before it is attacked 
It has been the purpose of this report to mdicate 
that there is a correlation between varn properties 
and the fundamental structural member, the fiber 
The study, here, of continuous filaments simplifies 
the approach but the apparatus and technique de- 


scribed should be applicable to spun varns as well 


Vhe 


helptul 
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Stabilization of Periodate-Oxidized Cotton* 


Richard E. Reeves and Felix F. Darby, Jr.7 


Southern Regional Resear 


h Lahoratory,t New Orleans, Louisiana 


Abstract 


Farher observations regarding the stabilizati 


ment with chlorous acid or ethereal diazomethane 


m of periodate-oxidized cotton fiber by treat 


are confirmed and evaluation ot the treatments 


has been extended to a more complex system, cotton sewing thread. At low levels ot oxidation 
the treated samples retain considerably more strength after exposure to sodium carbonate solution 
than do samples oxidized but not given a stabilization treatment. At high levels of oxidation 
the stabilizing treatments produce good reductions mm alkali-solubility 


Ix \ PRECEDING communication has 
been demonstrated that the alkali instability of perto 
date-oxidized cotton fiber can be greatly reduced by 
interposing suitable chemical treatments tollowing 
oxidation but preceding exposure to aqueous alkali 
Beneficial etfects were apparent, such as lower cu 
prammonium fluidity and alkali-solubility, and greater 
strength after alkaline treatment. In the work re 
ported here the two most promising reagents, chlo 
rous ack! and ethereal diazomethane, were applied 
to oxidized cotton sewing thread m order to extend 
to a more complex system the evaluation of the treat 
merits 


Skeins of periodate-oxidized cotton sewing thread 


representing a range ot levels of oxidation were pre 


pared. Some of the skeims were given chlorous acid 
or «dhazomethane treatments Then, following a 


standard alkaline cook with hot) sodium carbonate 


solution, the samples exposed to chlorous acid o1 


chazomethane were compared with those which had 


only been oxidized Phe properties investigated were 


the strength retained after alkaline treatment and the 
alkali-solubility (loss of weight during alkaline treat 
ment) 


The results ot strengtl measurements on single 


strands of the oxidized and treated samples are 
shown in Table Figure 1 dlustrates the strengt! 

* Report of a study made under the Resear and Market 
ime Act of 1946 

t Present addre Spring H College, Spr Al 
hbama 

One of the laboratortes of the Bureau ot \e il 
ind Industrial Chemistry \gricultural Resea 
tration, Department of Ager 


at ditferent levels of oxidation in terms of 
‘; of that of the unoxidized control. It ts apparent 
that in the region 1- to 1.5-mol percent oxidation 
the chlorite treatment has a pronounced beneficial 
etfect. Diazomethate was slightly less effective than 
chlorite. Above a 2-mol percent oxidation the pro 
tective effect of the treatments was real but of less 
significance since so much strength had been lost 
in the oxidative stage 

Figure 2 shows the alkali-solubility of the oxidized 


and treated threads (loss of weight during the so 


dium carbonate treatment). In the highly oxidized 
specimens there was a very pronounced decrease in 
alkah-solubility as a result of the chlorite and diazo 
methane treatments 

Phe present results with pled yarns (sewing 
thread) contirm and extend earlier results with cot 
ton fibers and single varns, indicating that by suitable 


chemical treatment it is possible to lessen the latent 


TABLE Srrencra or Oxtpizep and TREATED 
THREADS AFTER HEATING WITH SoptumM 
CARBONATE SOLUTION 


Oxidized Oxidized, 


Degree of Oxidized, chlorite, diazomethane 
onidatior carbonate carbonate carbonate 
percent) (Ib.) (Ib.) (Ib.) 
oo 7.64 6.73 682 
10 +10 5.94 5.40 
15 5.46 4.59 
120 3.73 $15 
30 0.31 2.49 1.98 
i4 O00 1.35 1.46 
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3 


na 


© oxidiZEo 
oxioi ZED - CHLORITE 
© OXIDIZED - DIAZOME THANE 


~ 


STRENGTH RETAINED, % OF CONTROL 


Lo 
DEGREE OF OXIDATION, MOL 


00 2.0 
PERCENT 


Fic. 1. Strength retained after alkaline treatment at 
arious oxidation levels for oxidized; oxidized, chlorous 
acid-treated ; and oxidized, diasomethane-treated threads 


damage (that which does not appear until after 


cotton 


tact with aqueous alkali) suffered by 


periodate oxidation 


Experimental Procedure 


Oxidation 


\ commercial sample of sewing thread, 5-ply 12's 
yarn, was made up into skems and thoroughly wetted 


\ero 


rinsed with distilled 


with distilled water containing a wetting agent ( 
MA) and then extensively 
The 
solution buffered to pH 4.1 with 2° sodium acetate 

O2, .04, 10 


162 ot 


sol 
water skeins were placed in 100 parts of a 
acetic acid and containing 0, .O1, O06, and 
mol of periodic acid, respectively, per 
drv fiber \iter standing for 3 days at room tem 
perature, the remaining periodic acid was determined 
in each instance and the degree of oxidation was cal 
The consumption of oxidant amounted to 
1.5-, 2.2-, 3.0-, 


oxidant consumed per 100 mols of glucose anhy 


culated 


0-, 1.0-, and 4.4-mol percent (mol of 


dride), respectively 


Chlorous Acid Treatment 


Aiter air-drying, a portion of the thread at each 


oxidation level was treated at room temperature for 


30 
© oxioizeo 


OXIDIZED CHLORITE 


OZOMETH ANE 


20 
= 
= 
=z 10 
0 
0.0 1.0 2.0 3.0 AQ 
DEGREE OF OXIDATION , MOL PERCENT 
Fic. 2 {lkali-solubtlity at various oxidation levels 
f oxidized ridised, chlorous acid-treated; and oa 
dized, d methane-treated threads 


24 hrs. with 70 parts of a solution composed of 20 g 
100 ml. gli and 500 


‘ 


acid, 


the 


sodium chlorite, cial acetic 


ml. distilled water \t the end of treatment 


these samples were thoroughly rinsed and air-dried 


Diazomet Treatment 


air-dried thread at each oxi 
in 30 
O.32M 


and allowed to 


Other portions of the 


l wk. at 


initially 


dation level were immersed tor 


parts of a neutral ethereal solution 


rinsed, 


1 that 


employed in 


with respect to diazomethane 


} 


has been ol ethereal chazo 


the 


pervesr 


air-dry It 
and earher 


latile basic 


methane as prepared 


work [2] contained a vo substance which 


may have had a deleterious effect on the properties 
of the oxidized fiber In the present experiments 
neutral diazomethane solutions were employed \s 


is change in technique, diazomethane 


ap 
The diazomethane 


a result of th 


compares more favorably with chlorite than it 


peared to in the previous work 
was prepared from nitrosomethylurea [1] and the 
the distillate 


was ab 


he 


constituent ot original 


solid 


hasic 


sorbed on crystalline boric acid neu 
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! trahized solution was redistilled before beimg used Breaking-Strength Measurements 
with the oxidized thread 
ith the oxidized thread \ll samples were allowed to condition overnight 
at 70°F and 65° R an nde “se id 
Sodium Curhonate Treatment and Alkali Solu f at 70°F and re R-H. and under these condition 
5 a minimum of 10 breaks was observed on single 
One-half sample in each series (oxndized : 
a ne-half of each sample — Se , strands tested on a Suter testing machine. The 
oxid ile arm mul diazonetl Was 
xidized, chlorite ; and oxidize average breaking strengths are recorded in Table | 
weighed and ated fo na botlng wat 
eighed and then heate rd hr. in a bothng “Ff and the results are graphically illustrated by the 
| | s ot solution of sodium 
; vath with 50 part al lution ot Mun car curves in Figure 1 
hbonate im water The samples were rinsed, soured 
ad miefly with dilute acetic act rinsed with distilled . 
; water, and allowed to at-dry Phe loss of weight 
for each pecinen was noted. and the findings are Arndt. | Org. Syntheses 15 3 (1935) 
) 2. Reeves, Ro E., Ind. Eng. Chem. 35, 1281-3 (1943) 
reproduces igure The alkalt-treated materia 
i reserve for lore iking trenyt! hes t 
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I Hk SPINNING OF YARN is a major ob- 
the The 
yarn structure should therefore be of major impor- 


alike. 


Yet, although yarns have been spun for centuries, 


jective of textile industry details of 


tance to manufacturer and research worker 


it has been only within the past few vears that the 
mathematics of yarn structure has been seriously 
studied. Naturally, since twist is essential to yarn 
structure, the measurement of twist has occupied 
the attention of many of the investigators. 

Devices have been perfected for untwisting yarns 
in such fashion that the number of turns per unit 
length could be determined conveniently. It was 
realized almost at once that when the final varn was 
untwisted, each of the elements composing it Was 


tlso rotated about its axis. Hence, the twist in the 


single yarn is not the same when it lies in the ply as 


it was before plying 
The 


nizes the fact that 


usual test, as presently conducted, recog 


at least three conditions of twist 


ire of interest-—namely, (1) inch in the 


plied varn, (2) turns per inch in the single varn as it 


turns per 


was before plying, and (3) turns per inch in. the 
single yarn as it les in the ply 

It should have been obvious that if the properties 
ota plied varn were to be studied intelligently, they 
ought to be related to the varn as it existed during 


he tests. Turns per inch in the single as the single 


lies in the ply, therefore, become important, for 
certainly the single varn would not be expected to 
behave in the plied state as it would just as it left 
when 


the spinning frame. Furthermore, the single 


it becomes a part of the ply, in many cases takes the 
form of a helix In the laboratory, however, the 
properties of single varns are determined on straight 
strands or on loops but not on strands whose axes 
ire helical It 


becomes dithcult to relate singh 


Varn properties to the properties ota plied yarn, lor 


in the phed yarn stresses are distributed in complex 
4 fashion, both in the single yarns and among the 
fibers composing them It is very probable that 


concentrations of stress exist which will have pro- 


Twist Structure of Plied Yarns 


E. R. Schwarz * 


found effect upon the load-extension behavior and 
upon the ultimate strength of the ply 

It is necessary only to realize how seriously the 
tensile strength of a plied varn may be altered by 
changing simply the number of turns per inch in the 
single varns composing it by even small amounts 
\ change of much less than one turn per inch in the 
singles can throw a pled varn badly out of balance 


Such facts are relatively widely appreciated in both 


the laboratory and the mill. What is not at all 
widely appreciated, although it was pointed out by 
H. |. Woods [1], is the fact that the twist in a yarn 


may be considet ibly altered simply by clistorting 
the axis of the varn into a three-dimensional struc 
ture and without the rotation of either end of the 
change in twist was called “tortuosit, 
the Greek letter 


measured was ce 


yarn 
by Woods and was denoted by 
as ordinarily 
noted by the letter 7 


whereas the twist 


\ moment's consideration will show that when a 


plied varn is made, the majority--or allot the 
single yarns composing will be distorted into 
helices, and because of this fact tortuosity must be 


taken into consideration It is not necessarily true 


that the helices developed will be strictly circular, 


but if they 


are considered to be so, the mathematics 


can be considerably simplitied without undue 
sacrifice of precision 
Work by Chow [2 | is of importance in the study 


of the yveometry of yarn structure It is of particu 
lar interest to 
Woods and 
special case of Chow's rigorously derived general 


It should 


equation emphasizes the 


note that the formula derived by 


further stucied by Schwarz [3] is a 


equation ilso be noted that the yore ral 


necessity for careful set 


ting of the yarn on the microscope stage whenever 


microanalysis of wWist structure is attempted 


Furthermore, the use of the of the 


geometry torus 
is believed to be important, particularly when the 
torus is so distorted that it 


hel 


calculus makes possible the mathematical analy sis 


forms a helix about a 


al axis \gain, the use of trigonometry and of 
and once more cde monstrates the yrowiny need for 
the study of these subjec ts by students in the field 


of textile technology, 
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bor the purpose of the present analysis, three 
mutually perpendicular axes of reference may be 
taken in the directions x;, x2, and xs, respectively, 
with x, representing the direction assumed by the 
axis of the plied yarn \ point in space as on the 
surface of one of the outermost singles in the ply 
may then be located with re spect to this set of 
reference axes and so also can the direction of an 
infinitesimal distance along the fiber (ds) or along 
the single yarn (dS) 

The angle Q is taken to be the angle between the 
axes of the single and the phed yarns, while ¥ ts 
considered to be the angle between the fiber and 
the single yarn as the single lies in the ply, which in 
cludes the effects of tortuosits The very useful 
concept of transverse and generator as detined by 
Phus, a generator rs any 


Woods will be emploved 


convenient line on the surface of a varn or of the 


X 


3 


Transverse 


Generator 


4 1 | 


| 
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solid for ming the locus of the axes of the outermost 
yarns in a ply or of fibers in a single yarn. The 
transverse, in turn, is a line normal to the generator 
and joining it with the axis of the varn under con- 
sideration Twist is then detined as the rotation of 


such a transverse per unit length of the axis, or 
= —~ (in radians) 


Lhe usual concepts of normal, nm (a transverse 
and binormal, 6 (a perpendicular to both the normal 
and the tangent), will be emploved, together with 
the necessary direction cosines referred to axes YX), 
vs, and x Ihe angle @ is the angle of rotation of a 
transverse joining the ply axis (x;) with a single- 
varn generator. Similarly, @ is defined as the angle 
of rotation of a transverse joining the axis of the 
single yarn with a fiber generator (Figures 1 and 2). 

It should be noted that single-varn helix radius 
(a) and ply-yarn helix radius (7), rather than the 
usual yarn diameters, are used until the final steps 
of the derivation. 

While Chow gives the preliminary mathematics 
concerning the detinition and properties of a cylin- 
drieal helix, a circular helix, the tangent to a circu- 
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lar helix, the principal normal and the binormal of 
the circular helix, and the helical torus in full, the 
present treatment will note only those portions 
which aid in clarifying the study 

The angle ¥ is of primary interest because it ts 
the angle between the direction taken at any in- 
stant by a fiber and the axis of the single yarn, or 
between the elementary lengths ds and dS. 


For a circular helix (see Figure 1) with equations 


XY r cos 6, 
x r sin 6, 
=rédcot 
ind 
Xx ax 
>» =r + cos 8+ 
dé 
r- 
or 
dx dx 
bs r cosec O 
dé dé 


the differential curve ds assumes the direction of 


the unit tangent to the circular helix, the direction 
cosines of whi h are 


dx, dx, d@ rsiné@ 
dé dé 


sin O; 


dx rcosé 
ds r cosec cos @ sin 
and 
dx, rcotd 
ds rcosec cos 


Che direction cosines of dS are 


dx, dé 
0 
l dx 
“de dé 


Now a helical torus involves a surface developed 
around a circular helix so that a section in the nor- 
mal plane of the circular helix is a circle with radius 
a, Where a is less than r, the radius of the helix. At 
any point on a circular helix the unit vectors of the 
principal normal, binormal, and tangent constitute 
a right-handed system of rectangular coordinates 
corresponding tO Ny, Xe, and x » Tesper tively, with 
the origin at point A (Figure 2) on the helix. Now 
if x, be the coordinates of the point B on the helical 
torus, the vector connecting the points A and B will 
assume a form 


(acos@)n + (asin @)b, 


where @ is the angle between the vector AB and the 
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n-axis and varies parametrically Thus, the vector 
to the point referred to the same origin as that for 


the circular helix is defined by 


Sx vr, x, + (a cos @)n + (asin 


where #, is the unit vector in the direction of a 
The vector of the point A is ré cot 


” cos sin @4 
b sin # cos OF; cos cos + sin Oi 
r cos 62; + rsin 6% + ré cot OF 


The equation of a helical torus is 
+ (acos@)n + (asin 
ircosé a cos @ cos asin @sim @ cos 
+irsind 


asin @cos@ a cos @ cos Q)i 


+ cord asin @sin Q) 


which leads to 


rcosé a cos 6 cos + cos sin sin A@; 
Ye a sin 6 cos a cos cos sin 
\ + asin O sin 

where @ 


Differentiating 


ax; 
rsin@g+ asin @cos + ddA cos é@sin 

dé 

+ acos cos sin + COS sin @ cos Ad 
dx 
rcosé acos 4 cos + aX sin sin 

+ acos sin @ sin aX cos cos cos AG: 
dx 

rcot O + adrsin O cos 6 
dé 


Squaring each differential and summing 
dx ) | 
dé da 

cosec* + a’ cos’ 4 + sin’ M 


+ a® sin® + cos*® Ad 
Ja A COS 


Jar cos Aé 


which simplihes to 


Coser a*h? + a* cos’ 


a’ cos* 2ra cos 


2a°X cos (1) 
Thus, 
dx 
wif ) rsin Osin' @ asin O sin’ cos 
do) ‘ 
aX sin sin cos 6 sin 
asin O cos sin cos 6 sin Ad 
aX sin O cos Q cos 


bye 
<3) 
Hak 
“ 
x 
tee 
at 
3 
| 
a 
| 
OF 
im 


17% 
(dy 
( resin cos ” asin cos cos Ab 
da 3 
+ add sin O sin @ cos @ sin 
+ asin O cos sin cos. sin A@ 
ar sin 0 cos VU cos 4cos M 
dx 
ws ) rcos Ocot O + adr sin O cos O cos 
and 
r coses asin O cos 


2ar cos + cos 


\ sin? \@ 


so that 


tany 2) 
rcosec O asin QO cos 


But, by detinition, 
> 3) 


Now, if 7’ and 7 are the turns per unit length in 
the ply and in the single as it lies in the ply, 


respectively, then 


and 
r” = 
2a \ ds 
Since 
do Adé, 
ds r COSeC 
dx, rcos Ode, 
do 
then 
‘dx, 
cos (dé cose Ode, 
cos 
\ 4 
cos Q 


Substituting equation (4) in equation (2 


tan» 


kor a circular helix 


\ rAcot 
and 
ade 
/ 
so that 
tan 
n 
i 
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cn 
tan 
turns 6) 
2er 
Substituting equation (6) in equation (5) 
an 
But, in terms of angle P, where P x 2 0 
asin P cos P + 
tan ) 
¥ r a cos? P cos \@ 


Now, if the microscope is set so that the yarn being 


measured is properly placed, then \@ = # and 


cos \@ = —1. (9 
Substituting equation (9) in equation (8): 


a sin P cos P 2rarl’ 


tan 


r+acos'P 


ol 
(sin P cos Pr + 2x7") ar 
tan (10) 
I 
The equation for the tortuosity, 7, 1s 
sin O cos V sin P cos P 
(11) 
r r 
\nd if 
then 
ar] 
tan a 12 
¥ r+acos P 


which is the formula obtained by Woods 

Many plied varns are made up so that any tend 
ency for the ply to untwist is checked by the re- 
sistance of the single varns to being twisted. Such 
a varn is said to be balanced 

Since equations (4) and (2) when combined give 


acos O + aT” sec O/T’ . 
13 


tany 


ind when A@ 


asin OcosO + aT tanQO 7 


r+asin' 


The single tKhers are inclined to the axis of the ply 


ttan angle equal to (y+ @), which examination ot 


* For derivation sce Appendix to this paper 
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or 
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balanced yarns shows must equal zero if the yarn 


is balanced Thus, 


¥ Q, and tan ¥ tan O 


ind 


tan O = tang 7 
an 
r+asin?Q 


Solving for 7” 7° gives 


Also, 

‘ad rea — D 

a dD 

15) 

D D 
where D, ply diameter, D, = single diameter, 
and D fiber diameter. The significance of the 


minus sign is simply that 7” and 7” must be in 
opposite directions. 

Particular attention should be paid to the fact 
that this simple relationship is obtained only when 
tortuosity in the single varn has been taken into 


consideration. 


Appendix 
Derivation of + (the Tortuosity of the Curve 


The derivation is based upon the direction cosines 
of the unit vector of the binormal * of a twisted 
curve. 


In general, 


1 jdx,; d?x, dx, 
ds 


where & is the curvature 


d*x\* d 
\ =| \ } 
da) 
vr? — 0 sin? 


* The binormal is perpendicular to both the tangent and the 
normal to the curve at the given point 
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and the tortuosity of the curve is given by 
ax, dx dx 
de iA 
1 
as i” ade de 
(=) 
\d@ ad \ [ \ 
da ad 
I or a Cire ul il helix, 
dx, 
dé 
d*x, 
rsine 
dé 
dx 
rcosu 
dé 
d*y 
rsiné; 
dé 
d \ 
rcos?é 
de 
dx 
at ¢ 
0 
da 
d*x 
it? 
Thus, 
rsin@ rcos@rcoté 
1 rcosé rsing 0 
sin Q) rcosec 
r rsindg rcosé 
reot O rcos@ —rsin@ 
r* cosec rsindéd rcosé 


sin Ocos sin O cos 
r-cos- 6 r- sin’ 


r 
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Creasing and Creaseproofing of Textiles* 


D. D. Gagliardi and I. J. Gruntfest 


Introduction 


The ability of a fabric to resist creasing or wrin 
khing and to recover from bending deformations is 
determined by many factors, foremost among which 
are the stress-strain properties of its fibers, the geo 
metric construction and arrangements of tts varns, 
and the presence or absence of finishing agents on or 
within the tibers. For cellulosic fabrics, with which 
this paper is mainly concerned, the exact inter-rela 
tions among these various factors have not as yet 
heen quantitatively determined. Nevertheless, con 
siderable data have been presented im the hterature 
dealing with some general principles related to the 
crease-resistance of textiles and to the industrial pro 
esses tor producing crease-resistant rayon and cotton 
fabrics For a complete and intormative summary 
of this subject, the reader is reterred to the recently 
published article by Buck and MeCord {1| 

In this present discussion, we should like to es 
amine and to provide answers to some particular 
questions related to the creasing and creaseprooting 
of fabrics made of regenerated and native cellulose 


thers Phese are 


1 Why de ravon and cotton tabres crease when 


subjected to high bending strains 


» 


2. What stress-strain properties of cell 


lulosic tibers 
are related to the creasing phenomenon 

3 What properties need to bye nuxlitied im 
order to produce crease-resistant fabrics 

$, What chemical reactions and compounds are 
required to achieve this modification 


5. What are the relationships between the stress 
| 


This report was presented betore the Divisiot t Cel 
lose Chemustry at the Amerncan Chemeal Soctety meeting 


September 20, 1049 


Haas Company, Philadelphia, Pa.) 


strain properties of chemically modified fibers and 
various mechanical properties of a fabric ¢ 

6. What is the nature of the apparent tendering 
of some cellulosic fabrics resulting from creaseproot- 


ny treatments 


7. Finally, what are the requirements of an ideal 


ereaseprooting agent for all cellulose fabrics 


Multifilament Character of Fabrics and Creasing 


Let us first examine the nature of the creasing 
phenomenon of a homogeneous material and then see 
how fabrics behave in folding. If we take any con 
tinuous sheet or rod material and subject it to bend 
ing stresses, a permanent crease or wrinkle may form 
if the deformations which accompany the fold exceed 
the elastic limit of the material. Figure 1A shows 
a homogeneous rod being bent to a close fold. On 
the outside of the bend in this rod, elements of the 
material must be stretched while the bend is being 
made, and on the inside of the bend other elements 
must be compressed. Somewhere in the middle of 
the rod there are elements which are neither stretched 
nor compressed. These are in the neutral plane ot 
deformation The amount of deformation suffered 
by anv element in the bend is determined by its dis 
tance from this plane. During the formation of a 


close told (re., 180° bend) in a homogeneous mate 


rial, the tensile detormations which occur are of the 
order of 100¢ Since very few materials can re 

cover from such deformations, the strains produced 
inthe hbers of a fabric in a close fold must be of a 
much lower order of magnitude. How this reduc 

tion in strain may be brought about im creasing a 
fabric is shown by Figures 1B and 1C. These figures 
give a schematic view of a multifilament yarn which, 
unhke the homogeneous rod of Figure LA, is com 


posed ot fibers that have some freedom of motion 
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relative to each other. During the bending of a 


fabric, and consequently of the yarns, the strains 
produced in the individual fibers can be relieved by 
two mechanisms. As shown in Figure 1B, the fibers 
can ship if their freedom of movement is not hindered 
} 


high 


igh frictional forces caused either by 
the 


If the 


movement of the fibers in the bend were completely 


twist or 


presence of sizing agents treedom of 
unhindered, the fibers could adjust themselves around 


the bend and hence suffer minimum deformation 
This cannot ordinarily take place except in fabrics 
the yarns of which have zero twist 

The second method by which fiber strains can be 
minimized is shown in Figure 1C Again, if the 
fibers’ movement is not completely hindered during 
the formation of the fold, the fibers will tend to move 
toward the neutral plane of deformation, where ten 
As to which of these 


strain reduction is the more likely 


sile strains are at a minimum 
two methods of 
to occur in the folding of any fabric, the second would 


appear to be more common 


itifla 


The alnlity of a fabric to minimize deformations by 


allowmg its fi to move about to positions of 


nunimum strains ts due to the multifilament char 


acter of its varns This is m contrast to contimuous 


sheets, rods, or fabrics made of monofilament yarns 


which, during folding, must suffer large deforma 


tions because their composing elements are rigidly 


fixed. In the finishing of fabrics intended to be 


crease-resistant, it is very important to maintain this 
multifilament character in order to obtain high crease 


recovery As will be seen later, if finishing treat 


ments are apphed which tend to cement fibers to 


gether by the deposition of surface materials, the 


fabric so treated not only will not be crease-resistant 


but it may actually have a crease-recovery value 


much lower than that of the untreated sample 


Fiber Properties and Creasing 


Since, in any fabric, strains are produced in folding 


1 


regardless of how high the multifilament character 


——~ Elements Stretched 
Elements Compresse 
~ Neutral Plone 


Bending of monofilament rod 


multifilament 
fiber shppoge 


Bending of Strains 
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may be, we must also consider the alnlity of the 


individual fibers to recover from tensile deformations 
Under favorable conditions, the maximum strains 
which accompany folding a multiflament fabric may 
be equal to the ratio of thickness of the fibers to 
thickness of the ftabru For common fabric con 
structions, this ratio can be of the order of 5 
Since viscose rayon and cotton fibers have low elastu 
recovery as compared to wool, silk, or nylon fibers, 
we can immediately assume that one primary reason 
why fabrics made of rayon and cotton fibers crease 
or wrinkle easily is the poor elastic recovery of these 
fibers. Figure 2 shows a typical stress-stram curve 
for a 150/40 filament viscose yarn, as measured usin 


the Scott [P-2 machine 


ig 
The elastic recovery trom 
a 5% extension ts about 15% under the conditions 
of test used. The % angle crease recovery {4| of a 
plain-weave fabric made of this yarn is 40%. Figure 
2 also shows a stress-strain curve for the same varn 


which had been chemically modified by treatment 


with a creaseprooting compound The elastic reco, 
ery from 5° extension of the varn is now 60%, and 
the crease-recovery value of the fabric contaming this 
modified varn is 75° Thus, it would seem that 
mereasing the elastic recovery of cellulose fibers pro 
duces fabrics which have a lngh degree of wrinkle 
resistance It should be noted also that one other 


effect produced by the chemical modification the 
increase in modulus——-te., the fibers become stitter 
(Fiber stiffness should not be confused with tabri 
stiffness which results from the sticking together ot 


the fibers by sizing agents 


Chemical Modification and Fiber Properties 


Phe modineation of cellulose properties re 
quired to merease the elastic recovery of the fibers 


and to produce resistance to creasing of fabries ap 


pears to mvolve the formation of cross-linkages he 
tween adjacent cellulose molecules The tormattior 


of such cross-linkages reduces the extent of mternal 
molecular slippage, which is responstbie for the creep 
or plasty flow at high stress appheation, and im 
creases the Hooke’s-law region in the fibers 
the amount of true elasticity 

How such fiber modification ma\ be broug 
by chenmneal means has been the subject of consider 
able interest to many chemists The simplest con 
pound that has heen widely investigated for this 
modification is free formaldehyde, which can forn 


methylene bridges between cellulose molecules when 


| 
. 
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applied in the presence of acid catalyst and heat | 4] 
Unfortunately, because of the volatility of formalde 
hyde, it has not heen possible to develop a workable 
commercial process for treating cellulosic fabric on 
a large scale. The main obstacle has been the diff 
culty of obtaming uniform fiber modification and high 
strength retention. In laboratory applications, how- 
ever, and under carefully controlled conditions, it 1s 
possible to obtain good fiber modifications and a 
high degree of crease-resistance 

\ large number of other compounds have been 
synthesized for the purpose of achieving the same 
general effects produced by formaldehyde, but with 
greater ease of application and more uniform fiber 
modification. Most of these compounds are conden 
sation products of formaldehyde and amines— or 
amides. They are either bifunctional or polyfunc 
tional in nature. Monofunctional materials are gen 
erally not useful for creaseprooting treatments. Ot 
the many products which have been suggested and 
investigated for producing crease-resistant cellulose 


fabrics, relatively few have been accepted for general 
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TABLE |. Moptrication oF FIBER PROPERTIES BY 
\cip-FORMALDEHYDE TREATMENTS ON A 
150/40 Viscose YARN 


Elastic 
Elonga- Load at recovery 
Concen- Tensile tion at elon- (2° elon- 
tration strength break gation gation) 
applied (g./den.) (%) (g./den.) (%) 
None 
(control) 2.3 14.7 10 20 
1% CH,O 2.0 9.2 1.1 w 
2°) CHO 20 6.0 1.1 55 
3% CHO 2.1 4 1.5 75 
5% CH,O 2.2 3.5 1.6 &3 
10°; CHO 2.3 2.4 20 95 
use by the textile industry The more widely used 


products are members of the urea and melamine 
series of resins 

Before examining these products in detail, let us 
first see what effects formaldehyde, the simplest 
cross-linking reagent, produces in fiber and fabric 
Table 
tion of fiber properties produced by various formal 
NH,CI 


tamed by 


properties I contains data on the modifica 
dehyde treatments, using 0.5% 
These data 
150/40 filament viscose rayon yarn with the 


as the acid 


} 


catalyst were ol treating a 


appro 
priate solutions and curing the specimens at 120° ¢ 
for 5 min. The fiber properties were examined by 
It is noted that the 


main changes resulting from the formation of cross 


using the Scott 1P-2 machine 


linkages between cellulose molecules are the merease 


in elastic 


decrease in fiber extensinlity 


recovery and increase im modulus e., 


These same treatments, carried out on tibers, were 


repeated on a spun viscose rayon and on a cotton 


fabric. The change in crease-resistance is demon 


strated by the data in Table I 


in crease-resistance of the fabrics 


These show that the 
improvements 


closely parallel the improvement previously noted in 


the fiber elastic recovery and the merease in modulus 


or fiber stiffness. From the general concept of multi 
filament character it would appear that the mecrease 


in fiber stiffness is also an important factor in ob 


taining high resistance to creasing. The stiffer fibers 


not only will better resist the action of bending 


stresses, but also in the formation of a close fold im 
the fabric such fibers can more readily adjust them 
selves to a position of minimum strain than can limp 
fibers. While this increase in modulus appears to 
aid in producing resistance to creasing, at the same 


time the Ingher modulus produces fabrics with less 


TABLE Il 
Propucep BY MODIFICATION OF 
WITH 


IMPROVEMENT IN CReASE-RESISTANCH 
Finkk PROPERTIES 


ORMALDEHYD# 


Fabric crease-resistance 


Concentration 


applied 


Angle recovery) 


Rayon challis 80 cotton 


None (control) 52 47 
1", CHO 52 
2°, CHO oo o4 
CHO 79 77 
CHO 87 
10°, CHO 89 


capacity for energy absorption and consequently lower 


resistance to abrasive action [6{ and lower resistance 


to ripping and tearing forces | 5| 


The modification of fiber properties required for 


producing crease-resistant cellulose fabrics can bet 


} 


ter be achieved by treatment with various formal 


dehyde condensation products These behave sim 


larly to free formaldehyde in the matter of cross 


linking cellulose molecules, but whether the cross 

linkayes formed are actual primary valence linkages 
] 

or whether they simply involve strong physical bonds 

Nu 

in the resin polymer has not been completely eluc 

dated 


between cellulose hydroxyls and the honds 


In anv case, the over-all tiber and tabric 


modification given by such compounds is simular to 
that of formaldehyde Table shows some typieal 
data on the etfects of a variety of compounds on fiber 
properties These data were obtained by treating 
samples of 150/40 filament viscose yarns and ther 


Again it is seen that the main changes in fiber prop 


testing such yarns on the Scott machine 


erties are the merease m elastic recover and 
crease in moduiltis 
In examining the data in Table IE1, a should be 


noted that at comparable levels of elastic recovery the 


increase in fiber stiffmess is mot the une tor every 


compound From these data, it would be expected 
that different materials which can produce the same 


improvement in fiber elastic recovery may not give 


the same value of fabric crease recovery as a result 
of the differences in fiber extensibility It would 
also be expected that at the same level of elastic 
recovery, the fabrics the fibers of which have the 


higher modulus would give the higher values of 


crease-resistance 
In order to determine more closely the relation 
ships between the changes in fiber properties and the 


improvement in crease 


resistance, an experiment was 
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Moptrication or Finek Prorerties Propucep by ForRMALDEHYDE CONDENSATION 


Propvucts ON 150/40 Viscose YARN 


1X4 
FABLE 
Lemsile 
rength 
Compound apphed (y./den.) 
None (control) 2.28 
10°, urea HCHO 2.64 
10°, thiourea-HCHO 
10°, substituted urea-HCHO (4) 
10°, substituted urea~-HCHO (8) 247 
10°) melamine-HCHO 33 
10°, substituted melamine-HCHO 2.37 
10°. acetylene diurea-HCHO 2.19 
10°, substituted thiourea - HCHO 2.77 


done im which a filament viscose rayon tabric was 


treated with a number of compounds by the usual 
procedure of padding, framing the samples to their 
original dimensions, and curing. The treated san 
ples were tested for crease-resistance. From these 
same fabrics yarns were removed and their stress 
strain properties determined The correlation be 
tween fiber elastic recovery and Muprovement 
crease-resistance is shown by the data in Table I\ 
and by the plot in Figure 3. Here it is seen that 


crease-recovery values inerease as the elastic re 


covery of the fibers imereases. Since all of the 3 
compounds tested did not produce the same degree 
of mprovement at the same level of elastic recovery, 
the impheations are that some other fiber property 
must also be connected with crease-resistance By 
examining the changes in extensibility produced by 
the various compounds, it was found that the fabrics 
the tibers of which have the higher modulus are the 
ones which have higher crease-recovery values. “This 
greater fiber stiffness leads to a more highly devel 
d multifilament character and yreater resistance to 
creasmg The relationship between stiffness and 


elastic recovery is shown in Figure 4 tor the 3 sets 


of tibers examined 


Maintaining Multifilament Character 


In order to be effective as a creaseprooting agent, 


a compound must not only have the property of being 


able to torm chenmneal or physical cross linkage s ln 


tween the ceilulose molecular chams but it must also 


be ditfusible in the cellulose phase In the case of 
resin-forming materials, it can be demonstrated that 
if a product is not essentially monomeric it will not 
diffuse through a cellulose membrane, it wall not 


modify the stress-strain properties of the 


t fibers, it 


will not produce crease-resistance, and it will simply 
+, 


Eextensibilt Load at 2.5% 


it break 


Elastic recovery 


elongation 


> elongation) 
(g./den.) 
16.8 1.05 18 
7.0 1.77 45 
200 80 
5.7 2.27 
4.1 2.08 70 
6.5 1.97 SO 
6.7 1.67 47 
7.8 1.21 42 
50 2.12 


deposit resins on the surface of the fibers, The im 
portance of diffusibility, with respect to the internal 
muexdification of cellulose fibers required for crease 
resistance, has been well demonstrated with a large 
number of experimental compounds. One experi 
ment which shows this very clearly was performed 
with a partially condensed but still water-soluble urea 
formaldehyde resin. This resin was separated into 
two fractions by dialysis through a cellulose mem- 
brane. Both the diffusible and non-diffusible frac 
tions were collected and their concentrations were 


adjusted to 15% 


resin solids \ third solution was 


also made up to contain 15% of the original, un 


fractionated, partially condensed resin. To each of 


(NHy)sHPO, 


Samples of a filament viscose 


these three solutions was added 0.5¢; 


as curing catalyst 


PABLE IN INTER-RELATIONSHIPS AMONG FIBER 
AND Fanric PROPERTIES 
Fiber 
elastic Load 
recovery at 5% Fabric 
(36, elon- elonga crease 
gation) tion recove#ry 
lreatment on tabric (y./den.) 
None (cor 1.15 
rea-HCHo 1.51 
rea HCHO $8 »02 71 
15 rea- HCHO 4? 2.45 73 
4 formaldehy ce 44 1.26 48 
4°, formaldehyae 48 1.57 
6 tormaldehy ce 1o0 66 
10°) formaldehyde 67 1&0 77 
bstituted urea-HCHO 1.20 $3 
substituted urea-HCHO ”) 1.37 51 
1, bstituted urea-HCHO 1.67 64 
158°) substituted urea-HCHO 27 72 
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FABLE \ IMPORTANCE OF DIFFUSIBILITY IN CELLULOSE 


AND MODIFICATION OF FIBER AND 


Fanric Properties 
. Fiber properties 
blastic Load 
Fabrix properties recovers 
Creas (5°) elon elonga 
Treatment on recovers ness* gation) tion 
hbersandfabrics (cm.) (gv. den.) 
None (control) i8 9.2 22 1.15 
15°, resin (100°, 
diffusible) 42 2.45 
15‘, resin (50°, 
diffusible) 29 3.5 39 144 
15°) resin (not 
diffusible) 24 5.5 6 1.19 
* Heart-loop method —the higher the value, the lower the 


stiffness 


ravon fabric were treated with these solutions and 


cured for 10 min. at 150°C. The crease-resistance of 


these samples was measured and the stress-strain 


properties of the varns removed from the fabric were 


examined. The data are shown in Table \ These 


reveal that the diffusible fraction improved the elastic 
recovery of the fibers, increased fiber modulus, and 
miparted a high degree of wrinkle-resistance to the 


fauric The non-ditfusible fraction, however, did not 


' 
modify fiber properties, did) not improve crease 


resistance, and simply stiffened the fabric by deposit 


ing surtace resins and cementing fibers together 


The unfractionated resin, 


80 


UREA - HCHO 


70 SUBST. UREA-HCHO 


HCHO 


60 


50 


40 


FABRIC CREASE RECOVERY ~ % 


30 
20 30 40 50 60 70 


FIBER ELASTIC RECOVERY - & (5% EXTENTION) 


Fic. 3. Relationship between increased clastic recover 


md crease-resisianc 


containing both diffusible 


portions, produced mixed ettects 


lit 


Le, some modification of fiber properties was ob 


tamed but the improvement in crease-resistance was 


nullified by the presence of large amounts of surtace 


resins The fabrie-stiffness data also show that im 
the case of the diffusible resin which was deposited 
fibers, the multifilament character 


entirely within the 


of the fabric was retained and no increase in tabric 


stiffness resulted. For the other two materials, how 
ever, the deposition of surface resins destroyed the 
multitilament character of the fabrics and increased 
their stiffness 


Hlow 


mav destroy the crease 


the addition of sizing or stiffening agents 


resistance ot a “creaseproot’ 


fabric can be further demonstrated by another ex 


pernnent \ modified spun viscose ravon fabric 


with a high crease-resistance rating was treated with 


different solutions of two sizing agents, glue and a 


l resin. The change in crease-resistance 


the data in Table V1 


fibers 


polymerizes 


is shown by As the amount 


of sizing agent on the increased, the multi 


filament character of the fabric was reduced and its 


crease-recovery value decreased 


Some resistance can be 


nt m crease 


obtained through the use of textile softeners, which 


serve to lubricate the fiber thereby enhanc 


surtaces, 


ing the fabric’s multifilament character. The general 


Table VII, 


values of a spun 


effect is demonstrated by the data im 


which show the crease-recovery 


ad 


UREA - HCHO 


LOAD AT 5% ELONGATION - GMS/DENIER 


20 30 40 50 60 70 
FIBER ELASTIC RECOVERY - % (S% ELONGATION) 


mship between fiber and clastu 


Fic. 4. Relat 


or for arious vile 


stiffness 


tified s rmiple 
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rABLE VI iN MULTIPILAMENT CHARACTER 
AND CREASE-RESISTANCE BY THE Presence 
or SIZING * 


Amount of sizing Crease recovery (',) 


compound added Surface 
(9) resir 
7) 7? 
ov 
+8 5 


* Kesin-treated spun viscose rayon chall 


viscose rayon fabric after resin treatments with and 


without the presence of a sottener 


Creaseproofing Rayon and Cotton Fabrics 


The appheation of creaseprooting agents to viscose 
rayon fabrics has been practiced on a large scale for 
freatments on cotton fabrics, 
however, have not been too extensive The reason 
for this is that although the chemical reactions im- 
volved im the modification of rayon and cotton cellu 
lose are essentially the same there is considerable 
difference in the physical characteristics of the two 
hhers, and this ditference produce s ditterent responses 
to the action of crease proofing compounds In order 
to clarity this pont, let us examine what changes Wn 
several fabric properties are produced when a variety 
of creaseprooting agents are applied to cotton and 
rayon fabrics of simple constructions The rayon 
fabric im this experiment Was @ spur viscose rayon 
challis The cotton tabric was an SO & SO cotter 
sheeting 


Samples of these two materials were 


treated with various compounds by padding tron 


TABLE 
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TABLE VIL. INckeEase IN CHaracrer 
AND CREASE-RESISTANCE BY THE PRESENCE 
or Finek LUBRICANTS * 


Crease recovery (°,): 


Without With 0.5°, 


Treatment on scoltener softener 
None (control) 44 47 
6°, expe rimental resin 64 70 
8, experimental resin 68 76 
10°) experimental resin 75 RO 


* Spun viscose rayon challis 


tf TRITON K-60 


aqueous solutions contaming appropriate catalysts 
They were then framed to thetrr original dimensions 
and cured for 10 min. at 150°C. A’ number of 
standard textile tests were made on both the treated 
and the untreated samples. The results of these 
tests are shown in Table VIII 

Examination of these data reveals a number of 
interesting points. First, any compound which 
creaseproofs rayon, under appropriate conditions wall 
also produce crease-resistance in a cotton fabric 
Secondly, such compounds will also stabilize both 
fabrics against shrinkage during laundering. In ex 
wining some strength properties, however, we note 
that, while normally no reduction in tensile strength 
is produced in the rayon fabric, the tensile strength 
Also, we 


note that the reductions in tear strength and abrasion 


of the cotton material is always reduced 


resistance, Which occur in both fabrics, are much 
greater in the case of the cotton material These 
differences between the TESPOTse of cotton and rayon 


to creaseproofing agents are the reasons why it ts 


berber or Vartous CREASE PROOFING CoMPOUNDS ON THE MERCHANICAL PROPERTIES 


or Rayon Cotron Fabrics 
\i 4 ! 
Crease lensile lear \brasion 
recovers Shrinkage strength strength resistance 
Treatment on taten (‘ (Ibs. /in.) (Ibs.) eveles) 
None (control) 10.3 17 9.2 2,900 
urea-HCHO 55 6.9 850 
18°) melamine-HCHO 79 »7 56 65 510 
10°) formaldehyde 75 1.4 180 
10°, substituted urea-HCHo SU 1 31 6.2 450 
10°, thiowrea-HCHO 76 690 
Cotton sheeting 
None (control 42 42 3.6 5,200 
urea-HCHO 76 1.3 34 18 1,250 
18°) melamine HCHO 73 13 6 2.1 1,620 
10°) formaldeh vale 71 09 21 05 420 
10°) substituted urea-HCHO 75 0.5 32 09 430 
10°) thiourea - HCHO 70 09 28 1.5 1,020 
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FABLE IX. Response oF Dirrerent Corton Fanrics 
TO THE CREASEPROOPING TREATMENT 


Treatment Crease lear \brasiot 
on recovery strength resistance 
Fabric stvle fabri (ibs.) PBL. eveles) 


Sheeting 80° None 4) 3.2 6,400 
Sheeting A 15°, UF 73 1.9 1500) 
403 poplin None 31 634 6.200 
403 poplin 18% UF $5 1600 
None iG 10.5 6,800 
H.B 18% 61 5.5 +000 
Sateen None 43 13.7 800 
Sateen 18% UF 75 
Loose weave None 17 41 1.800 
Loose weave 18% 71 1.8 00) 
Corded None 43 5500 
Corded 18%, 70 2.1 +, 300 
Oxford cloth None 9 12.3 5800 
Oxford cloth 15% U3 76 6.2 +100 
Sheeting None 0 2.9 1.920 
Sheeting B 15°, 61 1.6 


generally beheved that cotton fabrics require special 
compounds not now available. From the chemists’ 
point of view, it would appear that, while better 
creaseproofing agents are desirable, what is also 
needed is the design of special fabrics, ideally suited 
for obtaining maximum crease-resistance when 
treated with cellulose cross-linking reagents. \Vhat 
the properties of such fabrics should be is not defi 
nitely known. Fabric technologists will perform a 
great service if they can determine what fabric con 
structions are ideally suited for producing crease 
resistant fabrics \ll that we know at present ts 
that some cotton textiles can be readily made crease 
resistant while others are difficult to modify, except 
under conditions which produce excessive reduction 
of various strength properties 

The differences among various fabrics in thei 
response to creaseproofing agents is shown by the 
data in Table IX. Here, a number of cotton fabrics 
ot varying constructions were treated with the sami 
concentration of a urea-formaldehyde resin. It ts 
noted that the degree of improvement in crease 
resistance is not the same for each fabri More 
over, the changes in other mechanical properties are 
also different, some of the fabrics exhibiting exces 
sive reduction im tear strength and im resistance to 


abrasive action at high stress application 


Increase in Modulus and Fabric Strength 


The reductions in various strength properties of 
cellulose fabrics appear to occur with any crease 
proofing agent, regardless of its chemical constitution 


IABLE Restoration oF Fawric Prorerries 
Hyprotysts or rHe Resin tHe Fisers 


Crease Tensile Tear \brasion 
recovery strength strength resistance 


Treatment ( ) (Ibs in.) I BL eveles) 


None (oontrol) 44 7.1 > 200 
10°. urea-HCHO 8S S00 
\cid-extracted 53 78 


or the method of application. Such changes in me 
chanical properties have unfortunately been referred 
to as “tendering of the cellulose,” the implication of 
the phrase being that either the catalyst or the heat 
used to apply the creaseproofing agent has degraded 
the cellulose We can unqualitiedly state now that, 
under normal conditions of treatment, the changes 
produced in tear, tensile, and abrasion properties of 
a cellulose fabric result as a natural consequence 
from the increase in modulus of the ftibers——te., trom 
the decrease in fiber extensibility This reduction im 
extensibility, even though the tensile strength has 
not been decreased, results in fibers which have lower 
capacity for energy absorption and m= yarns and 
fabrics which have less ability to distribute those 
stresses applied ina tensile, tear, ripping, or abrasion 
test 

The inter-relations between the effect of mecreased 
modulus and the decrease m abrasion. and teat 
resistance of fabrics have already been determined 
and will be discussed elsewhere | 3] kor the pres 
ent discussion, we can offer some direct prool that 
the reductions in tensile strength and im tear- and 
abrasion-resistance produced by creaseproofhng 
agent have little to do with true cellulose degrada 
thon, either hydrolytic or oxidative This is based 
on an experiment in which the mechanical properties 
of a viscose rayon fabric were measured both before 
any chemical treatment was applied and after modi 
fieation with a creaseproofing agent \ portion of 
the treated sample was then removed and extracted 
with dilute TIC) to hydrolyze the reaction product 
which had been formed in the tiber The mechanical 
properties of the extracted sample were also meas 
ured, During these treatments, the original dimen 
sions of the samples were maintained throughout, so 
that the thread count of all samples at the time of 
testing was essentially the same 

Table \ contains the data obtained These clearly 
show that the changes im various fabric properties 


produced by the creaseproonng compound are re 
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18x 

versible Thus, on hydrolysis of the reaction prod 
uct, the fabric again has poor crease-resistance, and 
the original tensile, tear, and abrasion properties have 
been erther partially or completely restored This 
regain m strength could not possibly oceur if true 
| 


} 


degradation had taken piace, such cle grada 


tion bemg an irreversible reaction 


Ideal Reagents for Creaseproofing 


The modification of cellulose by treatment wit 
cross-linking reagents or resins which mipart crease 


resistant properties lias greatly increased the range 


W usefulness of cotton and ravon textiles Much 
work still needs to be done, however, in the design 


of special fabric constructions which are more ideally 
suited for creaseprooting treatments \Moreover, 
there is great room for maprovement m the chemicals 
and processes tor produc Ing crease-Tresistanece We 
should like eventually to obtain compounds for crease 
proohng treatments which wall have such desirable 
properties as low-temperature curing, greater reac 
tion efficiency, resistance to chlorine, greater durabil 
ity to laundernny, absence of odors, better umform 
fiber and fabric modification, no effect on dyes or 
dve-fastness, and minimum reduction of tensile, tear, 
and abrasion properties \s we learn more and 


more about the inter-relations of tber and fabric 


TEXTILE RESEARCH JOURNAI 


properties and about the relations between molecular 
structure of a compound and the changes in fiber 
properties which this structure produces, we hope 
eventually to be able to preseribe what the struc 
ture of a creaseproofing compound should be in 
order to achieve ideal modification of cellulose tex 


tiles 
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Wool Growth as Affected by Environment 
and Other Factors 


John I. Hardy* 


H. W FAST and to what length wool grows ts 
of vital unportance to the wool produce r The idea 
held by Zorn [5] and others that wool grows fastest 
during the first 6 months after shearing and that 
the rate of growth gradually diminishes during the 
last 6 months is not in agreement with the work 
reported by Palmer [4]. Furthermore, Zorn’s theory 
was found to be at variance with results obtained in 
preliminary studies by Hardy with three Corriedale 
sheep at the Agricultural Research Center, Belts 
ville, Maryland, from July, 1924, to April, 1925 
Growth of wool was measured monthly and it was 
found that there was a tendency for the fastest rate 
of growth to be during the summer and fall, and 
the slowest during the winter. However, monthly 
variations in wool growth were small 

In 1930 Hardy and Tennyson |3] reported on the 
effect of the rate of growth on the fineness of Corrie 
dale wool, in which study locks of wool were tied 
and growth clippings were taken regularly over a 
period of 5 years. In 1931, Burns [1] reported on 
the monthly wool growth for Rambouillet sheep; he 
had found the wool to grow quite uniformly through 
out the year 

In 1925 the Bureau of Animal Industry began a 
cooperative wool-growth study with State agricul 
tural experiment stations along rather extensive lines 
in order to determine whether the variable rate of 
growth was caused by season, breed, age, or some 
other factor or factors. The wool-growth clippings 
for this study on sheep in various sections of the 
United States were collected at 8 State agricultural 
experiment stations during a 5-year period Al 
though the desirability of having uniform groups of 
animals was recognized, such a procedure was not 
possible because of the wide variations in different 
localities in breeding, feeding, and management, even 
for sheep within the same breed. This work was 
therefore carried on under the practical conditions 


encountered 


* Animal Fiber Technologist, Bureau of Animal Industry 
Agricultural Research Center, Beltsville, Maryland 


Cooperating Stations and Sheep Used 


Cooperative agreements were entered into between 
the U. S. Bureau of Animal Industry and & State 
agricultural experiment stations; the data are given 
in Table [ These stations agreed to maintain small 
groups of sheep from which to take wool samples, 
keep records, and furnish details of procedure Che 
Bureau carried on similar work with sheep located 
at the 4 Federal stations listed in Table | This 


table also gives the breed, sex, and number of ani 


mals maintained at each of the 12 stations located it 
11 sections of the United States. In Table the 
entire number of animals used in the study are 
grouped according to breed and sex 

There was no attempt to make the feeding of the 
sheep umform in the different parts of the country 
They were fed according to the usual method of feed 
ing sheep at the station where they were located 
Some sheep—namely, those at Dubois and Miles City 

were fed according to range practices, and others 
were fed under farm conditions \t all the stations 
advantage was taken of natural and stubble grazing 
This was supplemented by alfalfa and clover hay 
Most of the stations fed silage. Grain or grain mix 
tures——-usually of oats and barley—were fed by some 
of the stations during a part of the year \ grain 
muxture used by several stations consisted of oats, 


bran, corn, and ol meal Cottonseed cake was 


sometimes used at the range stations 


Methods of Obtaining Data 


\n attempt was made to dye locks of wool with 
different kinds of dye, so that the actual growth for 
each period would be shown by the different colors 
Difficulty was experienced in making the dye hold 
fast on the wool, and there was still greater difficulty 
in keeping the dye in the exact place where it was 
applied. The method of dyeing a string and tying 
it close to the skin as a means of marking the periodic 
growth of the wool was then decided upon. It was 


necessary first to tind a type of string which would 
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TABLE Strartons IN Stupy, BREED, 41ND SEX OF SHEEP 


No, animals in experiment in 


1924 1925 1926 1927 1928 
Stations Cooperating 1925 1926 1927 1928 1929 Breed Sex 
California. Davi 5 Rambouillet kwe 
5 Romnes Ewe 
! Lincoln 


; Romney Wether 


Idaho, Moscow 5 10 Rambouillet 
9 Lincoln 
5 Suffolk Lwe 
“Idaho, Dubois 6 6 Corriedale 
6 6 6 Corriedale Ram 
6 6 6 6 Columbia Wether 
1 Lincoln Ram 
Ramboullet Ram 
*Marvland, Beltsville 7 15 Corriedale Ewe 
5 5 1 1 Corriedale Ram 
Michigan, b. Lansing 11 9 6 Merino, Delaine Ewe 
iD 10 6 Merino, Black- Top Ewe 
s 11 13 Rambouillet Ewe 
Minnesota, St. Paul i4 14 14 Shropshire kwe 
1 1 1 Shropshire Ram 
*Montana, Miles City S 8 6 Rambouillet Ram 
5 6 6 6 Rambouillet Ewe 
Ohio, 6 A Merino, Ohio Ewe 
6 Merino, Ohio Wether 
10 10 Merino, Tasmanian 
1 2 Merino, Tasmanian Ram 
5 Merino, Ohio Ram 
Oklahoma, Stillwater 4 4 5 Dorset 
1 ! 1 Dorset Ram 
Oxtord 
1 Onxtord Ram 


"Vermont, Middleburs 4 4 Shropshire 3X 
4 ) 4 4 Shropshire 3X Wether 
; Shropshire 2X Wether 


Shropshire Ram 
Washington, Pulloar 10 Rambouillet Ewe 
9 Rambo uillet Wether 
Wrvoming, Laranie Lincoln howe 
Lineoln Ram 
he st iurred tations are Federall owned the ther ire State tations \pprecia ion is hereby expressed for the 
cooperation extended b the worker at all of these «tation 
hold fast without slipping. Ordinary smooth cottor studies, locks of wool were tied at the shoulder, 
or silk thread did not work well because it slipped side, and thigh on Julyw 1, 1924, and thereafter on 
out of place on some kinds of wool Waxed dental bout the first day of each month until April 4, 1925 
floss was tinally selected because tt 1s easy to tle and During this period, fibers were clipped close to the 
will pull to a tight knot skin, near the tled-lock area, as a means of marking 
OM the 3 Corredal sheep used in the prelin mary the area and making the locks easier to tre These 
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rABLE Il NUMBER OF Sueer Usep In Experiment, CLassiriep by Breep anv Sex 
No ewes in No rans in No we thers m 
1925 1926- 1927- 1928 1924— 1925 1926- 1928 1024 1925- 1926. 1927 1928 
Breed of sheep 1925 1926 1927 1928 1929 1925 1926 1927 1928 19290 1925 1926 1927 1928 1929 
Columbia 6 0 6 6 
Corriedale 44 40 44 11 l 
Dorset 4 4 5 l i 1 
Lincoln 13 9 7 2 
Merino, Black-Top 10 10 6 
Merino, Delaine 6 
Merino, Ohio 6 »2 6 
Merino, Tasmaniar 10 10 ? 
Oxford 4 4 1 
Rambouillet 10 44 36 47 9 6 9 
Romney 5 ; 
Shropshire 15 19 19 19 2 4 4 5 6 6 6 
Suffolk 5 
clippings were not saved, but it was evident that hbers come out trom the skin ach lock was tied 
periodic clippings could be used to check the lock close to the skin with a syuare knot During the 


tying results and would probably lead to a better 
method for measuring wool growth than the use of 
April, 1925, in 


used 


tied locks alone. Hence, after 


both 


The growths of the locks of wool from 


Instances methods were lor measuring 
yvrowth 


these 3 sheep were measured soon after shearing 
the 
inimals according to a regular schedule which was 


the Che 
right and the left sides of the 


Wool-growth clippings were taken from. all 


uniform throughout country wool was 
taken from both the 
animal From the fine wools, the clippings were 
taken every 42 days, and from the medium and coarse 
wools, every 28 days. Locks were also tied on most 
of the animals. Clippings were taken at a point close 
to the heart girth and as nearly as possible at a point 
nudway between the breast bone and withers, on both 


sides of each animal. This work was usually begun 


nnmediately after shearing time each year \iter the 
fleece had been removed from the animals, all the 
wool fibers were cleared from an area about 4 inch 


sjuare 
close to the skin 


Phis was accomplished by clipping the fibers 


\fter 28 days for the medium and 


and the fine wools, twe 


removed 


coarse wools, 4? davs for 


small tufts of fibers were with scissors and 


placed in caretully lal led com envelopes These 
fibers represented the total length of wool growth 1 


that area of the fleece since it was previously short 


of wool fibers 


\t the time the clippings were taken, locks of wool 


were tied with ordinary waxed dental floss of good 


This was dor e bv t rst select ny a small lock 


somewhat 


quality 


woo! covering an area 


eter than an ordinary lead pencil at a point where the 


191 


tying of this knot both ends of the thread were held 
tension to make sure that the knot would be 
tied tight 


In the 


under 


laboratory, the wool-growth clippings were 
measured by two methods In the first, a sheet oft 
glass 3 inches square was placed upon millimeter 


cross-section paper of the same size as the glass and 


then transterred to the staye of a binocular nero : 
scope which magnified 7.5 diameters \ 3 L-inch 
this 
| 


nucroscope slule was placed Upon sheet of glass 


parallel to one of the lines of the cross-section paper 


The wool fibers to be measured were placed under 


the mx roscope shde with the ends of the fibers pre 
jecting slightly (about 4 mm.) beyond the edge 


For each sheep, 5 fibers extending the full length of | 


the chppings were measured from the left side and 5 


from the right sicle Phe average of these measure 


ments was considered to be the wool growth of the 


amimal By this method it is possible to 
about LOO fibers an 
\nother 


place the fibers between two lantern sli 


mieasur4re 


hour 


method, first used by Cobb [2], was to 


les and pro 


ject the images upon a smooth wall or screen. The 
unages as they appeared on the screen were meas 
ured with a nu ip measure either directly upon the 
screen or from tracings made on stift paper with a 
soit pencil. It was easier to measure the tracings ot} 


the fiber images than it was the actual projected ones 
the bi 


Five-hundred fibers were measured witl 


microscope, and then the same fibers were 


1 by the 


nocular 
method These 


projec thon 


were divided into 100 consecutive grouy 
each. The mean measurement of each group wa 
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FABLE \VeKAGE GROWTH 
Length of 
clips 
| Left 
N 
Breed pp 
Merino 199 37 
Rambouitlet 182 RS 
obtained and a corre latwor was riact hetweet means 


ot these same groups ol fibers obtained by ditferent 


methods. There was a correlation of 969. The 500 
fibers were divided summlarly into groups of 10 trbers 
each and a correlation of 975 was obtained 

The procedure for measuring the tied locks wa 
unilar to that used for measuring the clippings 
The wool growth for each period was measured wit! 
the lock intact and with sufficient tension to straight 
out the lock. The staple length of undisturbed locks 
was obtained by laving each lock flat on cross-section 
paper without stretching gt and then measuring it to 
the nearest millimeter The full-length tibers of ut 


disturbed locks with therr crimp removed were also 


measured on cro section paper 


Results of Investigations 


Judging from the results obtained from large nun 
hers of measurements (Table II]). the growth of 
woolen the left and nght side of an individual sheep 
is practically the same By taking chppings fron 
both sides of the same sheep, therefore, a means was 
ithorded tor checking the accuracy of the measure 
rrents Phe number of sheep in the groups used tor 
the wool-growth work varied from 4 to 15. Data 
howed that reliable results were obtained m= most 
mistances trom as tew as sheep 

Table IV reveal that tor the ewes the rreatest 

PARLE IN NUMBER OF ANIMALS US GREATES! 
Jan. 20- Feb. 26- Mar.26- A 

‘ rowt 

bw 

Ry 

Wethers 
t zrowtl 

Ewes ) 

Rams 

Wethers 


a 


TexTiIce Researcn JoukNar 
or Woor ror 3 BREEDS oF SHEEP 
\werage 
total difference 
y Period \verage growth between left 
Rigt f Left Right and right 
rowth sicle side sides 
days em.) fom.) em.) 
8 1.1913 1.1867 0.0046 
38.81 42 1.1942 1.2000 O.0088 
01 64 42 1.1090 1.1079 


growth of wool occurred from September 10 to Ox 


tober 7. Of the 53 ewes, 37 had their greatest 
yrowth between May 21 and November 4. The 


east growth occurred from December 3 to March 


OW 54 ewes, 43 made their least growth during 


period. The numbers of rams and wethers were 
too small to give as conclusive results as were ob 
the ewes, but the results for all groups 
ncdieated that the greatest growth of wool generally 
the and fall, and 

s as has been commonly believed 


Merinos, 
O~x 


occurs 1 summer early not during 
the winter montl 


In 


Shropshuires, 


the study there 


Sutfolks, 


were Rambouillets, 


Dorsets, Corriedales, 


fords, Romneys, and Lincolns. The range of aver 
age daily growth of wool on Rambouillet sheep 1s 
from about 20 to .33 mm.; for Merinos, from about 
26 to 32 mm.; for Shropshires, Suffolks, and Dor 
ets, about .32 to 46 mm.; for Corriedales, about .38 
to 48 mm.; for Oxfords, about 49 to .52 mm.; for 
Komnevs, about 56 to .57 mm.; and for Lincolns, 
thout 54 to 79 mm 
Summary 
In general, wool grows fastest in the summer and 
early tall, when sheep ordinarily have the best feed a i 
Merinos and Rambouillets grow wool at about the ae 
same daily growth rate—that ts, from about b to i 
per day. Shropshires, Suffolks, and Dorsets 


np Least GROWTH OF Woot at Vartous Prertops 
July Aug Sept. 10- Oct. 8 Nov. 5- De« 
A 12 Sept.9 Oct Nov. 4 De Dec, 30 
12 7 $ 4 
5 ) 0 0 
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grow wool faster than the Ramboutllets and Merinos ra 


do, but not so fast as the Cornedales or Oxtords, 


stigation 


of Wool Growth ritish Society of Animal 
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TEXTILE RESEARCH JoURNAI 


The Definition of Rayon 


Viewpoint of the American Textile Industry 


A. G. Scroggie* 


LS 7.M. Committee D-13 on Textiles, Subcommittee B-2 on Definitions 


In 1943 the lerms and Definitions Committee of 

the fextile Institute of England proposed that 


rayon” he defined as “a generic term tor all man 


made fibers,” a concept distinctly at variance with 
the established meaning of “rayon” im the U.S. A 
This subject has been discussed in many textile " 


nals since that time, and in 1948 it was reviewed by 
the International Standards Organisation, Textil 
Committee T/38, at the Buxton contlerence This 
committee agreed, with no dissenting votes, that “the 
term ‘rayon’ should not used as the generic term 
for all man-made fibers.” The committee also agreed 
that ‘an attempt should be made to arrive at a term 
which could be used as a tamiy name for all geneva 
of man-made fibers 

In the spring of 1949, the Textile Institute vo 


Britain decided that thew position should he recon 


sidered and d corre sul 
trom all interested.+ cal 
heer of the Institute, made a that th 


Imerican Society for Testing Materials contribute t 
this discussion, reporting the 

The article printed below was prepared in answer 
to this specthe request and was transmitted to thi 


Institute last MayS The article qiwes h 


tortwcal and other reasons why the word “rayon 
should be restricted to cellulose-base products lt 
also discusses the word “filia.”’ which has been sug 


wsted as a tamty term tor all genera of man-madi 


hhers Thy artwle 1s reprinted here in order that 
lmerican textile technologists may be wmformed ot 
thy forty the ly h } 
fic status ¢ ids con 
published together with other communications o1 
the subject in the Decem) MY issue of the Jour 


nal of the Textile Institute 


Chairmar VS Commuttee 1-13 on Textiles, Sub 
committee on) Detinitions 
t/ Inst. 40, 248 (Mar. 1949 
t Letter, Wo J. Hall to A. Seroggre, Mar. 18, 1949 
Letter, A. G. Seroggie to Hall, Textile Institute 


May 25, 1949 


Other proposals have been made trom time to tin 
regarding suttable family names. In addition to the 
phrases “artificial fibers,” “man-made fibers,” “man 
ufactured fibers,” and “synthetics,” the following sp 
cific names have been proposed at different times 
cynthon (consider Syntan), filagen, filyon, fibron 
(consider Fibro), homolon, homon, chemon. 
manfih, syntron, homotex, syntex, artex, filta, manfil 


lactifilia, factilia, manufil 


Use of the Term “Rayon” in the United States 


\ few vears after the First World War it became 
apparent in the United States that a new word o1 
words would be desirable tor the products which at 
that time were termed “artificial silk,” and a com 
mittee sponsored by the National Retail Dry Goods 
\ssociation, the Silk Association of America, and 
the current producers of artificial textile fibers was 
In 1924 the com- 


mittee recommended the use of the coimed word 


app inted to study this problem 


“rayon” as a generic term for man-made or artificial 
fibers then in commercial production. These in 
cluded cellulose-base varns made by the viscose, 
nitrate, cuprammonium, and acetate processes. The 
records of the conimuittee discussions do not show 
that any consideration was given to other possible 
types ot fibers 

This recommendation was adopted by producers 
and consumers, who set up the Rayon Subcommittee 
of the American Society for Testing Materials, Tex 
tile Committee D-13. A proposed A.S.T.M. Stand 
w the definition of rayon was published 
in draft form in 1925 [1], and in 1926 the American 
Society for Testing Materials approved the first 
official definition of rayon: “Rayon (formerly known 
as ‘artificial silk’) —A generic term for filaments 
made from various solutions of modified cellulose by 
pressing or drawing the cellulose solution through 


L orthce and solidifving it in the form of a filament, 
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or filaments, by means of some precipitating me 
dium” {2 

It will be noted that this original formal definition 


of the word “rayon” very definitely limits its mean 


ing to cellulose-base tibers The main features of 
this definition have been retained in the definitions 
published by the American Society for Testing Ma 
terials at regular intervals since that time The 
definition of ravon as quoted above has also received 
indirect Government approval by the inclusion of it 
in substantially the same wording in the publications 
of the United States Federal Taritf Commission in 
1930 {18} and of the United States Federal Trade 
and in 1941 [25]. The 
same basic definition was also adopted officially im 
Canada in 1947 {11} 
\frica in 1948 | 20] 


From 1924 until the 


Commission in 1937 | 24} 
and in the Union of South 


present there has been no 
claim by any group in the American textile industry 
that the term “rayon” included fibers, filaments, or 
varns made from any material other than cellulose, 
and the American Soctety for Testing Materials did 
net receive such a suggestion from representative 


groups in any other countries in the two decades 
following its original promulgation.. 

In the United States, producers of fibers made 
other 


their 


from bases other than cellulose have, on the 
hand, taken great pains to make sure that 
products are not called rayons. The period since 
1938 has seen the introduction of the restricted terms 
{10}, “Velon” [15 and “Vinvon™ {7}, 


is well as the adoption of the generic terms 


*“Orlon” 


“azlon 


3], “nylon” [3, 6], and “saran” [9], all of whicl 
prove that this principle has been generally followed 
Moreover, none of the tibers developed 


wen referred to as “arti 


in America 


during this time have ever | 


ficial silk”: actually, in several cases the new mate 
rials have few silk-like characteristics 

It is clear from the above that in the United States 
use of the term “rayon” has, since its inception, been 


restricted to cellulose-base fibers, and this ts thor 


oughly understood by producers, retailers, and con 
sumers, all of whom have a clear-cut picture of the 
properties associated with fibers or fabrics desig 
nated as ravon, and of the distinction between ravon 
and nylon, rayon and glass, or other man-made fibers 


} 


In recent years it has been proposed in the United 


States to limit the use of the word “rayon” to regen 


erated cellulose fibers and to use another generi 


term for cellulose acetate products because of the 
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different properties extubited by these fibers It 1s 
felt that the different treatment which ts required for 
successful dyeing, dry-cleaning, and pressing of these 
yarns is so great that the protection of the publi 


and of the textile industry calls for the use of a 


different designating term: steps im this direction 


have been taken by the American Society for Testing 
Materials 


ever, that this action 


It should be clearly understood, how 
is intended to restrict the orign 
nal meaning of the word “rayon” and not to extend 


the fundamental concept that the word 


phes to fibers made from cellulose 


“rayon” ap 


Use of the Term “Rayon” in the United Kingdom 


The word “rayon” was not generally adopted by 
: | 


the textile industry in England for many vears after 
its introduction in the United States. It is true that 
the new term was endorsed by the Silk Association 
of Great Britain [5, 19] as a substitute for the term 
in 1924, at 


“artificial silk’ was not defined at this 


time It was not generally accepted by technicians, 


as evidenced by books on artificral silk which were 
Fyvleman, who 


Hottenroth 


published im the following years 
translated the 


{13} in 1928 ane 


books Irtificial Ni 
by Faust [12] in 1929, and Rowe 
of Leeds University, who translated cfrtificial Sub 
by Keinthaler in 1929 [16], failed to include the 


word 


idded 


word “rayon” im the texts In one case the 


was mentioned only once and was apparently 


as an after-thought |[19, p. 5] 


The term “artificial suk” and its corruption “art 
ik” continued to be used tor vears in the United 
Kingdom even though some materials, such as pro 


tein-base fibers, were more like wool than like silk 


Artificial silk”’ was used m His Customs 


and Excise Regulations until the duties on this prod 
Phe authoritative Jour 


Institute still 


drawn 1048 


| 

nal of the Textil 
1 


uct were wit 
publishe s abstracts 
fibers under the 
Although the 


silk” continued to be used in official publications ot 


heading “artificial term “artificial 


the type indicated, the word “rayon” has been used 
more and more in commercial transactions mn recent 
years At the retail level the merchant and the con 
sumer clearly understand that “rayon” means a cel 
lulose-base fiber, according to a bulletin issued by the 
British Retatl Association, Ine 

in 1948 [17] 


The we rd 


Tr idling st ind irds 


ver detined by any au 


om until 1943, 


“rayon” was ne 


in the | 


nited Kingd 


thoritative body 


Be 
pe 
2 
ig 
: 
| :. 
‘igi 
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when the Terms and Definitions Con 


Dextile 


imttee of the 


Institute proposed the following tentative 


“Rayon (n 
[21] 


approved by the producers of glass, nylon, 


definition j \ generic term tor all 
Th 


man-made fibers” 1s proposal was not 
teim-base fibers, who have persistently reframed from 
referring to their products as “rayon 

In 1043 also, the 


organized and proposed to detine the word “rayon” 


british Kayon Federation 


Was 


as: “All varn and fibers not of natural growth which 
are used for textile purposes” [8] This proposal, 
of course, was f 


not an official definition but a private 


tatement by a restricted commercial organization 


which did not melude British producers of nylon, 


vlass, and other man-made fibers; these manuta 


turers 
| 14a] 


Little evidence has been offered to 


subsequently protested against this detinition 


show that the 


word “rayon” was used to any appreciable extent 
for all man-made fibers in the LU mted Kingdom, and, 
m view ot the contheting evidence cited above, it is 
felt that there is no historical or practical justifiea 
tion for arbitrarily changing its established meaning 


at this time 


Use of the Term “Rayon” or Its Equivalent in 
Other Countries 


The detinition of rayon established in the nited 


States was endorsed at the International Standards 


| 


(Organization land, 


by the 


Conterence, Buxton, lune, 


bong 


following countrie 


s, Which voted against 


the British proposal to define “rayon” as a gener 
Fin 
Sweden, Switz 


\merica 14h] 


British proposal 


term for fibers not of natural origin 
land, France, India, the Netherlands, 
and the | 
No countries voted in favor of the 

Brazil | l4e], 


C onterence, also 


>] 
Lhe 


erland, mited States of 


which was not represented at the 


endorsed the 


us ot the term 
“ravon’”’ as defined in the United States of America 
The approval of Canada and the Union of South 
Africa has already been mentioned 
Present Status of the Term “Rayon” 


The above discussion tndicates that in the United 


States, where the word “raven” originated, it he 


been consistently detined and used as a term for 


fibers made from cellulose, and little evidence of its 


use im any other sense, to 1943, has been of 


prior 


fered. The properties associated with ravon, a ce 


" 


lulose hase fr, are well known and underst od by 


JouRNA! 


producers, retailers, and consumers, and this word, 


or the less desirable term “artificial silk.” has filled 


a definite need for more than 20 years. The neces 


sity for a term to define groups of man-made fibers 


will continue just as much as the need for the tern 


“cotton,” “wool,” “silk,” and “linen”: and, hence 


if ‘rayon’ ts given a new meaning, other word 


must be comed to take its place 


It is telt that current needs do not justify the 
redetining ot the word “rayon” broader terms, 
which will confuse everyone who is now familiar 


with this product, and the establishment of a strange 
new term which will indicate the detinite concepts 
formerly conveyed by the familiar word “rayon.” 
Moreover, in a democratic country, such a proposal 
cannot be carried out merely by the resolution of a 
technical society ; such decisions are meaningless un 
less they have the backing of all the large producers 


f man-made yarns, a condition which does not exist 


in either the United Kingdom or the United States 
In the latter country it would also be necessary to 
laritt 


amend the Act and the Rulings of the Federal 


Trade Commission. Corresponding changes would 


be required in the official definitions of Canada and 


South Africa as well as of a host of commercial, 
public, and private establishments 


Need for a Family Name for Man-Made Fibers 


The proposal made by the Textile Institute in 


1943 [21] to extend the meaning of the word “rayon” 


Was an attempt to fill the need for some one word 


that could be used as a class or family name for all 


man-made fibers. Such a word or term would com- 


plement the expression “natural fibers” and would 


he used in technology and particularly for statistical 


purposes. It would also be used the 


titles of 
technical committees, associations, and journals. he 
need for such a fanuly name becomes greater as more 
and more divergent 


types of man-made fibers are 


produced commercially, but the recognition of the 


need does not in any way imply that it can be met 


only by broadening the meaning of a well-establishe 


term such as “rayon.” 
The subject has been considered in recent years 
by the Ameri 


Pesting Materials, but the Committee 


Fextile Detinitions Committee of the 


can Society tor 


not reached any final conclusion. It has been 
agreed that the word “artificial,” though proper, 1s 


not suitable because in other uses it has undesirable 


om 


hotations This conclusion also applies to a 


ate 
\ | 
q 
_ 
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lesser degree to the word “synthetic sy The latter, 
in addition, is not strictly applicable to fibers made 
trom polymers such as cellulose or proteins which 


} 


have been synthesized by nature. The phrase “man 


made fibers” appears satisfactory and is being used 
more and more in the United States, but it loses its 
original meaning when used in foreign languages 

1 the phrase cannot be translated readily into 
other modern languages. This situation accordingly 
incheates the desirability of using some new, comed 
term as a tamily name for all man-made fibers, a 
conclusion which was reached in the discussions of 
the International Standards Organization Conference 
land, June, 1948 [146] 


words which have already been 


held in Buxton, Eng 
Among the coined 


considered is the term “svnthon.”” Thos term has 


been proposed at intervals but is subject to some 


ot the objections raised against the word “synthetic” 


and resembles very closely the trade-marked term 
“Syntan,” used in the United States for a range 
of synthetic tanning agents \ number of other 


suggestions have been received, including, in most 
cases, coined terms using one of the mmitial svilables 


chem-, tib-, til-, homo-, man-, svn-, ete., or one of the 


final syllables -an, -fil, -fib, -on, ete., in such terms as 


chemon, faxil, homotil, syntron, ete 


For convenience it would be desirable to have a 


two-syllable word which would tend to discourage 


subsequent contractions. Previous discussions have 


suggested that the word should be euphonious | 22, 


23) in order to obtain trade acceptance, but this ts 


a misconception, The family name should not con 


note any property other than “man-made” and it 
will he used for technical and statistical purposes as 
we now use the term “natural fibers.” It wall not 


he used to any extent over the retail counter and 
will be of little concern to the ultimate consumer 

It may be desirable that the new ¢ ined term 
should not end with the suffix “-on” so that the 
family term may be readily distinguished from. the 


various generic terms already in common use 
\ recent suggestion embodying the latter idea 1s 


the word “tiha The first syllable, fi/-, 1s derived 


from the Latin word fi/um—a fiber or thread, and is 
present in many English and French words in com 


ais found in many collective 


r a generic name tor plants, 
al 1 “reptilia,” collective name 
fe al kingdom. The suffix is 


y used in the English language—for 
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also in common use im such collective terms as 


“militia,” “bacteria,” et The word “hha” * could 
be used directly m the French, Italian, German, and 
other languages which do not concurrently use this 
term. It would be defined substantially as follows 
‘Fila—The family name for various genera ofl 
fibers not of natural origin, including azlon, estron, 
fibers fibers, 


glass, nylon, polyester 


ravon, etc.” 


Summary 


n was originally defined in terms of cellulose 


base products in the United States in 1926 This 


definition has been reafhirmed at regular intervals 
since that time, and has been endorsed by the U.S 
Federal Taritl Commiussion, the | S. Federal Trade 
Commission, and by go vermment committees om 
Canada and in the Union of South Atrica This 
definition is clearly understood by producers, retail 
ers, and the consuming public in the United States 
Canada, and the Union of South Africa: it is also 
understood by the retailers and the consuming public 
in the United Kingdom 


Producers of non-cellulosic-base varns in_ the 
United States do not consider their products to be 


ravon, and this 1s also understood by retailers and 
consumers This is also true for nvlon and glass 
producers in the United Kingdom 

No body of evidence has been presented to show 
that the word “rayon” has ever been employed to 
an appreciable extent in any other sense than that 
mentioned in the tirst paragraph of this discussion 

Phe proposal, originating in the | nited Kingdom 


“ravon’ as “A gener 


in 1943, to redefine the word 
term for all fibers not of natural growth” is opposed 
by many interests in the textile industry im that 
country, including retailers and the producers of 
nvlon, glass, and other non-cellulosic fibers It is 
Belgium, 


India, the Nether 


United States of 


opposed also by the following countries 
Brazil, Canada, Finland, France 
lands, Sweden, Switzerland, the 
America, and the Union of South Africa 


There ts a definite need for the word “rayon” of 


whine h 


a substitute term to cover the concept for 


It w he ailed that the terr daughter 
it t felt that t eriou shiect 
I d m and its Lat ural fila are noted by 
diet ul as ised nal anatomy 
und la may ix esirable Other 
could be ed file et 
t i red table 
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“rayon” has been used up to the present time, and 


redefining “rayon” m broader terms would require 
the establishment of another term to take its place 
To avoid confusion, no attempt should be made to 
broaden the meaning of the term “rayon” to include 
other than cellulose-base products, but consideration 
should be given to a restricting of the meaning of 
the term “rayon” to regenerated-cellulose products 
The desirability of having a simple term for all 


man-made fibers is conceded, and if the phrase “man 


made fibers” is not considered suttable, the term 
“filia’ is suggested 
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Statistical Methods in Research and Produc- 


tion. Owen L.. Davies. Edinburgh, Oliver & Boyd, 
Ltd., 1949, 292 +x pages. Price, 28 net 
(Rewmewed by O. P. Beckwith, Alexander Smith ¢ 


Sons Carpet Company, Yonkers, N.Y.) 

Phis ts a handbook on statistical methods prepared 
by members of the staff of Imperial Chemical In 
Ltd 


chemical industry, 


dustries, r othe 


but in this reviewer's opinion it 


it is designed specifically 


workers engageq 


should be equally useful to all 
industrial research or production activities 


The book covers frequency distributions, averages 


and measures of dispersion, tests of significance, 
analysis of variance, regression and correlation, fre 
quency data and contingency tables, sampling, cor 


trol charts, and prediction and 


outstanding feature of the handbook is the liberal use 


specication 


of examples taken from industrial chemical experience 


in illustrating the particular statistical under 


method 


discussion, Laicid explanations of elusive statistical 


\ 


concepts such as “degree of freedom” are given 


glossary of statistical terms is very helpful in using 
the landbook and as a reference 

The subject of analysis of variance is treated in 
considerable detail and should be useful material for 
the researcher and the chemist or enyineer The 


chapter on sampling is notable m that it covers a sub 


ject on which little has been written. It brings out 


the complexities of the operation of sampling—serme 


thing which 1s not well appreciated by the av 


technician 


It is regrettable that the statistical symbology fol 
lowed in this book is not the same as that used n 
America, such as that in the Wanual on Presenta 
tion of Data of the American Society for Testing 
Materials 

While Statistical Methods in Research and Pro 
duction is useful both as a text and as reference 


} 


hook, in this reviewer's opinion it still leaves unfilled 


a need that exists in the traiming of technical persons 


particularly those in industrial research and ce 


109 


Book Reviews 


laboratories In such organizations, the 


pressure for accomplishment, whether it be research 


or development or technical service, is such that the 
to devote to 


\s a con 


a research man who would 


worker does not have a great deal of time 


a thorough lv of statistical methods 


Stu 


sequence, it 1s rare to find 
take the time to study completely and digest a volut 
such as this one 

To this reviewer, the approach to follow in 
universal education of 
be to h 


which would 


accomplishment of the 


research worker would an mtroductory 


H on statistics 


be 


distribution, 


relatively bret 


This should cover averages 


and measures of dispersion, control charts, and some 
discussion of sampling. Such a work could be quite 
similar to the A.\S.T.M. Manua With an under 
standing of these principles and techniques im_ the 


rs obser 
his 


experimental work and is stimulated to seek more in 


presentation ot data, it has beet 


vation that the research worker improves own 


formation, for example, on analysis of variance, cor 


relation, tests of significance, and design of exper 
ments \ second volume might then cover those 
ubyects 

Ramie Production in Florida. 97342. 


pared by the U.S. Dept. of 
versity Florida 
Washington, ¢ 
Dept. of Ce 


Agriculture and the lini 
ol \gricultural Experiment Station 
Office of Technical 


1949. 184 pages 


NeT VICES 


U.S Pri 


S51) 


Is an interim OF progress report eri 
that portion of the work cone luded under ntract 
covering the penod 1947-1948 under researc! 
grant fromthe U.S. Department of Commerce, Ofhee 
of Technical Services, and perform by the | 
Department of Agriculture and the Flor \gricu! 
tural | xperiment Station It i tated that work 1 
continuing on projects not covered by this report 


In addition to actual work a 


contract in the 


agronomy ol gr ying 
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vesting, decorticating degumming, and im stud 


ies Of fiber properties, the report covers a gene ral 
discussion of the factors involved in the productior 
of rane fiber. Some historical and world produc 
tion and consumption information is included. OF 
particular interest is the detailed description of ma 


chinery (with photographs) and chemical processes 


which have been developed to date by various of 


ganizations in this country engaged in the develop 
ment of commercial products. In addition, as an in 
teyral part of the oryimal report and availal 
Inspection mm Washington are exhibits of varns fab 
rics, and ranne by-products manufactured from rani 
fiber produced in this country 

It is stated that this report “cannot be taken as 
conclusive that ramie may be either a profitable agrn 
cultural crop or the basis for a new American 1 
dustry Phe question as to the feasibility of 


cony letion ot 


fiber production must awart 
researches now underway 
\lthough it is a progress report, it should be ot 
great interest to all persons who wish to be mtormed 
about progress to date in the development of a ramue 


meustry and in the future of rane 


World Fiber Review, 1949, Compiled and pub 
lished by the Food and Agriculture (irganizat 
the United Nations, Washington, 1). ¢ 
tainable from Columbia University 


York, 118 pages. Price, $0.50 


In this summary world tiber sit 
outlook there is a information 
everyone mterestec 1 the production 
sumption of both natural and man-made fibers 
Moreover, the discussion of factors affecting produc 
tion and consumption of fibers and 
textiles in the principal countries of the 
much concerning the econonie situation 
tries concerned and the probable etfect of 
ome tactors on the tuture 
trace 
World Fiber 
entation of statistical « 
pages of tabular material im 


additional tables scattered 


report, as did 


natural fibers o 


ton, wool, silk 


TexTire Researcu JourNat 


henequen ; also considered are rayon staple and fila 


ment ane 


Injuries and Accident Causes in Textile Dye- 
ing and Finishing. Bulletin No. 962, Bureau of 
Labor Statistics, U.S. Dept. of Labor. Washington, 
1). ©., Supt. of Documents, U.S. Government Print 
ing Office, 1949. 65 pages + 1 folded table. Price, 


$0.45 


This is a report of a detailed study for the year 1945 


of the causes of injuries and an analysts of injury-fre 


.quency rates in dyeing and finishing operations. The 


first few pages are devoted to a discussion of com 
mon practices in the various operations involved in 


1 


dyeing and finishing plants and some of the hazards 
frequently met in carrying out the necessary opera 
tions. Immediately following are chapters (34 pages) 
devoted to departmental injury rates; kinds of in- 
juries experienced; accident analysis; accident 
causes; accident prevention; and a listing of typical 

accidents The remaining 31 


dveing and finishing 


pages comprise an appendix of statistical data 


Asbestos Textiles and Textile Products. Sec 
ond Edition. Jesse M. Weaver. Manheim, Pa., Ray- 


bestos-Manhattan, Inc., 1949. 64 pages. Free 


Che general information concerning asbestos and 
shestos products and the excellence of its presenta- 


tion set this book apart from the general run of trade 


publications or catalogues. In addition to deserib 


and 41 


lustrating the various asbestos textile prod 

cts of ROM and their applications, a comprehensive 

description is given of the various grades of asbestos 

together with analyses of their properties. The book 


will be found useful as a reference book 


Year Book of The Textile Institute (fritish). 
Phe Textile Institute, 16 St. Mary's Parsonage, Man- 
1049-5) 258 pages Price (to 


chester, gland 


non-members), 10 


is is the second volume of the Year Book, which 
d free to members of the British Institute. 
ls are given concerning the organization and 


of the Institute, including requirements 


BER 
| 
ie nylon. 
‘ 
if 
| 
| Sule, 
ae 
i” 
| 
ae 
au 
_ / 
| the text ale 
iajor economic significance: cot De 
4 


Marcu, 1950 


for Fellowships, Associateships, and other classes 
of memberships \ section is devoted to British 
Standards and Definitions The case for a uni 


versal system of yarn counts * is discussed and com 


A list 
of Institute members, which totals 4,725 members, in 
luding 143 in the U te 


parative tables of yarn equivalents are given 


tt 


is given 


*For a relative merits of the 


recone nded 
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A.S.T.M. Standards on Soaps and Other Deter- 
A.S.T.M 


gents. 


\merican 


Prepare d by 


n Society tor 


Testing 


Street, Philadelphia, 1949. 
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publication brings t 
standards pertamimng t 

d covers “Specific 
nd Chemical Analvsis o 
“Methods of Tests 
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Committee 
Materials, 


Price 
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TEXTILE RESEARCH JOURNAI 


Gordon Research Conferences 


Pu PENTILES CONFERENCE of the Gordon Research Conferences, spon 
sore] by the American Association for the Advancement of Science, will again be 
held at Colby Junior College, New London, New Hampshire, the week of July 17 
Requests for attendance at the Conferences, or for any additional information, 
should he addressed to W. George Parks, Director, Department of Chemistry, 
Rhode [sland State Colle ye, Kingston, Rhode Island From June 20 to September 
1, 1950, mail should be addressed to Colby Junior College, New London, New 
Hampshire 


The program ‘or the Pextile (Conference 1s as follows 


Joseph H. Brant, Vice-Chairman 


17—-B. Robinson ‘Production and Utilization Problems of Long 


\ eye table Fibers” 


J. B. Goldberg The Interpretation and Practical Application of 


Fextile Research” 


luly 1S--W. J. Hamburger New Scientific and Psychological Methods Applied 


to the Evaluation of Complex Textile Properties” 


Gaames Slayter New Developments in Glass Fibers and Thetr 


Fields of Industrial Application” 


July A. Phe Fine Structure of Cellulose Fibers” 
RF. Peterson Methods of Preparing Casein Fibers and Thet 
Propertie 
July 20—H. |]. White, Jr Some Physical Chemical Studies on Dyeing” 
(a. R. Seidel Flame Retarding Cellulosic Materials with Salts 
ot Titanium and Antimony” 
July 21-—B. 1. Browning Influence of Fiber Characteristics on Paper Mak 


ing Properties” 
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AIMS OF TEXTILE RESEARCH INSTITUTE, INC. 


To promote, cultivate, facilitate, 
and conduct textile research 
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AIMS OF THE TEXTILE FOUNDATION 


To engage in economic and scientific 
research for the benefit of the textile 
industries and their allied branches 
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